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PREFACE. 



The following work deals with the construction of Blowing Engines and 
Air Compressors, and is reprinted from a series of articles which 
originally appeared in The Practical Engineer. The fii'st chapter 
discusses the properties of air, and shows how to calculate the work 
required for compression under various circumstances. The second 
describes several experiments with compressors, and explainer the 
methods of calculating the various efficiencies. The third deals with 
the theory of valves for equalisation of pressure, and the fourth is 
devoted to the construction of Blowing Engines. Chapter V. com- 
mences the description of Air Compressors. These have self-acting 
valves, and the remainder of the book is devoted to those with 
mechanically controlled valves. 

I take this opportunity of thanking the many firms who have supplied 
me with information concerning their machines. 

C. H. Innes. 

Rutherford College, 

Newcastle-on-Tyne, August, 1906. 
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Physical Frofzszzzs: or Ais. 

1. Physical Property of Air. — Air is & gM. »ni 
therefore 

144 />r = R: /I; 



where p is preBSore m«poiiD'ds per sq-uAre iacL. ? i£ t£.e 
number of cabic feet per poimd. or the fpecirc To!:ii2ie < iii 
the absolute temperature : so that 

r = F • 450-6, 
or = C -r 273-7, 

where F is its tempenture in Fahrenheit and C in C^nri- 
grade d^reea K the former scale is used, K » 53*2, ai^d 
if the latter, B = 95 8. When air is compressed or expands 
isothermally, or at a constant temperature, 

p p = constant (2) 

but when it is oompreaeed or expands adiabaticallv — {.«., 
without gain or loss of heat, 

pv* = constant {Z) 

where y = i*40S 

2ac 



2 AIR COMPRESSORS AND BLOWING INGINBS. 

where K^ and K, are the capacities for heat expressed in 
foot-pounds of a pound of air at constant pressure and 
constant volume. Equation (3) is proved in most works on 
the steam engina* It is also important to remember that, 
if a pound of gas changes its pressure and volume in any 
manner, 

H = W + K, (<i - «,) 

where H is the heat taken in, W is the work done hy the 
gas, and t^ t^ are the initial and final temperatures. Hence, 
if the gas is compressed, W is negative, and H is negative ; 
so that if 

W = - U^ and H = - Hj 

H = - U, + K. (/, - <,) 

or Hi = U, - K, (^ - <2) . . . . (4) 

or Hj, the heat in foot-pounds given out by the gas, is the 
difference between the work in foot-pounds done upon it 
and the internal heat in foot-pounds added to the gas. 

2. Work Required to Compress Air. — Let FC, fig. 1, 
represent a volume v^ of air, and let E G represent v-i the 
volume to which it is compressed, the pressure changing 
from jt>2 ^t C to px at B, and the air being forced out into 
a large reservoir, in which the pressure is kept constant. 
Then, if we first assume isothermal compression between C 
and B, the work done while the volume changes from v»to 
Vj is ^ 



Va tV 



U, = \uf pdv = 144/ Ml^ 144;fchyp. log!^ 



V 



= 144 Pi ?^i hyp. log ^ = 144 p» v^ hyp. log ^ . 

P-. ' Pt 

The work done during the expulsion of the air is 

Uj = 144 /^ v^ = 144 P2 V2, 



« <i 



The Steam Engine," by Ootterill, Holmes, or Perry. 
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4 AIR COMPBESSOBS AND BLOWING ENGINES. 

Then 



V, v.. 



u. =/ lupdv = u4/i^ = ^^{^r- vr) 



144 



(^1^1 - PiV.), 



n - 1 
Us and U3 have the same values as before, so that 

U = U, + U2 - U3 = ^^{ihH - P2V2). . (6) 
or 

TT 144 7t fP\Vi t\ 

-"-^"'•{(IF-'} <») 

per pound ; so that the work per pound decreases with the 
mitial temperature, but is fixed for given values of p^, p^ 
and % If the compression is adiabatic, 7 must be sub- 
stituted for n in equations (6), (6a), and (66). 

Numerical Example. — To find the work required to 
compress 1 cubic foot of atmospheric air of pressure 14*7 lb. 
per square inch to a pressure of 4 atmospheres absolute. 

First, assuming isothermal compression. 



P2 = 


14-7, 


Va = 


1, 


h = 
Pi 


4. 



From (5) 

U = 144p, Vj hyp. log^i = 144 x 14*7 hyp. log 4 

Pi 

= 2931 foot-pounda. 
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Secondly, supposing that the compreaaion ia a<iiaradc, 
trom (6a), 

,. lUn j /Pi\^ 1 » U* X 1-40S X U 7 



7>2 

(4^ - 1} = 1^^ X 1-408 X 147 X -495 ^ 3^13^..-,^ 

This is 682 foot-pounds more than with i^i-thefrrjil 
compression. 

3. Total and Volumetric EmcUncie*, — In anj machiiuc tee 
useful work done is less than that which most he d r.e -t 
the agent, owiug to firiction and other loosesu ThiA. :' ^' 
is the useful work calculated from equation ( 5 >, az>i I 'jt zl^ 
indicated work done in the same period by a stoun ^asr-ZMi 
driving the compressor, then the total effimnej ',i ur 
compressor and steam engine is 



>h = -p 



But it is often convenient to be abie to 'XXLUtn \ci>t 
actual work done upon the air, as obcained cy 7z*ixsciz£E •jcjt 
air compressor cylinder, with the least qianthj ',i V^rc 
ideally necessary to obtain the same final prsma^ wr.i -.u^ 
same quantity <^ air. This will be called ti^ i*'*' *f' ^ j •# ^ 
and if U4 is the quantity of work for a zi^-Ki 7 -,.. ..-.j* -,r' 
atmospheric air r^ obtained from the bkiy^vx is^^rtr.; ^ :'..-: 
air cylinders, then the air efficiency 



% = 



144/>,r2hyp. loe^ 
1/? 

^4 



A compressor never defiven a <^3a£.t^ '/ i.r ♦;.r.-»jt / »-i'. 
ing to the volume swept ont by tie f-uryr^ V!s%;i*wt v.. 
pressure in the cylinder at the eoi <A tk* v-..r-1'.r. irj".#.*: ;* 
usually a little lees than that of iht JFfr-r^rfwr*-, bti^ «.i«. 
because the air in the cieanuiee sctik *TCifcaiC ^•\»*- -. v. 
before the suction valves tmnoyoL Lk i^ -g^ v.j^ ^a;i-i.'^ 
of cubic feet (^ air at atmospherae j«j»tirt «r.iiwL-i -^l .1 



6 AIR COMPBSSSORS AND BLOWING INGINSS. 

per minute, let A be the piston area in square inches for a 
single-acting compressor, and let Ax« Ao be the areas on 
either side for a double-acting compressor, while L and K 
are the stroke in feet and revolutions per minute respec- 
tively. Then the volumetric efficiency 



^ ~ A L R • 
for a single-acting compressor, and 

144 Q 



. (9) 



VZ = 77 



(Ai -I- A,) L R 



. (9a) 



for a double-acting compressor. 

Numerical Examiyles. — (1) What is the air efficiency in 
the numerical example of section 2, assuming adiabatic 
compression, 

^> = Ir-rr: = 74*91 per cent, 

showing the necessity for cooling the air during compression 
if a high efficiency is to be obtained. 




Pio. 2. 

(2) What is the volumetric efficiency of a double-acting 
compressor whose piston areas are 160 and 140 square 
inches, with a stroke of 2 ft, making 100 revolutions per 
minute, the actual volume of air delivered (reduced to 
atmospheric pressure and temperature) being 333 cubic feet, 

'^' - (r6(r+i4orx~2oo " '^ ^^ ^'^ ''^^' 



aizoDE^oiBrir ur arm.ji i»ae L>. 3i>i: the ^niiHE a: w e. •'r. r i- 

CT'^aar TabnnE^ ir Tnir f«»^Tt: wr rr -ac nasraL ir iicf^ 
strcit ir eiCBr »flL bul jh: - '^. i« "ait T.jnnic a: -ae 
Cirartrmff. Ix lie i -I L » Tut rfimnfr ^uiinifc ? L -ar- 
cWraasfe. ^(i^k^ C I toii A E O!^ nz-vs or ronnisaBML ail 
cxpKikskEL T^ "iBTar T^g-*^ itiiir*: cir^ui -aif^ som 
menT ■:^ ixe ?Br.iri flcrnfib. TXif br -Ezamdiuc in 
ckimixie» xzi£ "sa sii£!=iiil xiijvfit^ d< H'l: nocL mm. 
point H 3s ivfecboL s ^=iun ~:itr T-'fiznuK -^ a: br 3n.T-L n. £ 

crliader. it h 



c H . . > : J . - 

far AH azid B^I fiCii-T lair saout ^t ; ^ = rfUAaiir. lul 
if H C in fie. - = F C z:. i£ I . i-ni H ll uhl Jt Z' ur* ir 
the sane hets^ ir zjbl. 1 Mii i r«Htf :rr^7, Titft: H il = 
M N. *^> that ^ um A i; C r ZL ir 1 = ij** A 1 ' H ii 
fig. 2. and as tkesie ir^ "sr** mfiisKi.r ::;hm>:ij» il -iij* tt 
cases, the wofk dooe ir eii^i aait » -att «t::»* 3:r fc izttbl 
exponent a. Let "ss fi«:r sr;':«js»*^ a>.c;i*frr;k -:aLir»;4Bi:*i - 
then, reisoDing as in «5«?a?c 1- tir t :r£ re:rH!eL-:'»i rr -^ 
area 

KBCF = l44r. T. 1 - : :lt-:. j:c iT- 

- - - . - ,. 

« -a 

and since 

FH = V^^- 

K A HF = 144j>,c V,^ hyp. kt: ^ = lU .- : V, -77. :>z -- 

/I " ~ >^ /^ 

so that 

U = ABCH = 144 V.{/v.a -^ -. - /--} hyp l.v:^r-.MO; 
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the useful ^rork done per stroke, which it will be noticed 
becomes zero when 

)\ ^ a _+ r) 

that is, when B and A coincide. 
The volumetric efficiency is 

so that as the pressure iucreases the atmospheric air dis- 
charged per stroke becomes less. 

If the exponent n is greater than unity, 

KBCF-U±i,.Va.+.)j(e)"-,} 

KiHF-lli±..y,<g)rj(g)--?-,} 

so that 

u = ABCH - lii^'p^vJ iPi\'^-\ \ 

n-l { \pj ) 

{l^^-^g)"} • • • <12) 

which becomes zero when 

and the volumetric efficiency 

% = 1 + c - c(^y*. . . . (13) 

Numerical Example. — The cylinder volume is 1 cubic 
foot, the cleaiance is one-fifth of the cylinder volume, and 
the compressii^n is to 4 atmospheres ; to find the work per 
stroke, and th^) volumetric efficiency. First assuming 
isothermal compression, and using equation (10), 

U = U4 X 14-7 {\\ - 1} hyp. log 4 

= 144 X 14-7 X I X 2-3 X -6021 

= 1172 foot-pounds. 
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In both of i2tfBfr 
obtained vi:^ KUDt 



H A 



-"^ = ir — * iwr '^fin 
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by inn-ocL. tiji v^-^-.t >sf ::*'-»?>«: >.•»*?• 



,••*■ -•, 



'J ♦ 



^n**; •* y-*; 



V 



consider k 

fixing the dimaisijca :if 

mae^ne is exeesQTt ii: iri-p'-rij-.c ^: ;ov*f. •.o* r:iiw.'^*.v-»t». 

efficiency will be Jo^. iv:^^^ v. fnrLi'jr- t-V^v-i-r, •'.-. tr 

efficiency nnj be bigti, iiii tiit: 5'** v-Tl vt xT*a^,^ ; «v r^ii.*. 

a small T">^hin<> wita a occiiArfc.ti.-si.T >,nr i.r t^*:J:w:j :r-iiv 

be better in ererv m-iiT titk^ \ ATj'rr '/Lh '::* -» r^ .';r. t ;* 

• • •>■ 

higher. 
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5. JBqualtscUion of Preuure on both Sides of the Piston at 
tlu End of the Stroke. — The rednction of volumetric efficiency 
being due to the expansion of the compressed air in the 
clearance space, if some of this compressed air is transferred 
to the other side of the piston, where compression is com- 
mencing, there will be a considerable increase in the 
volumetric efficiency. In tig. 3 AM is the clearance volume 
cVf, and the air in this, at a pressure p^, is put in commimi- 
cation with the air at the other side, whose pressure is p^ 
and volume (1 + c) Vj. To be strictly accurate, we should 
also take into account the volume of the equalisation valve ; 
but this is comparatively small, and may be neglected. The 
pressure then becomes p^y as shown at L and C, and admission 
commences when the expansion curve LH is completed — i.e,, 
at the point H of the stroke when the pressure has fallen to 
Pj. The volumetric efficiency is 

DH 

aud is evidently greater than that in fig. 2. Assuming, 
first, that compression, equalisation, and expansiou are 
isothermal, 

7)1 c + p^,{\ + c) = 773 (1 + 2 c) 

so that if N is the number of atmospheres to which the air 
is compressed, 

^'^ ^' 1 + 2c ^^ 



and 



^;3 



Pi " 1 + 2 c 



GD - HG , ^ 1 + (1 + N)c 
= = 1 + c — c -> '— 

LC 1 + 2c 



^ 1^ 2c - (N - 1) c^ ^ J _ (X rJ)^ Q^x 

l+2c i + 2c ' ' ^ ^ f 

Next let us suppose that compression, etc., take place 
adiabatically ; then, during equalisation of pressure, the 



EQUAUSATIOX Of PEESSUmS. H 

intrinsic euergr of the two quintitiea o£ air that zrlx 
remains nnchanged. Now, the intrinsic enerjr of \ pi:'an<i 
of tir is Kr / where t is its absolote tempenture* and K • it» 
capacity for heat at constant Tolame : hence, if V amd p an^ 
volume and pressure of any weight of gaa, iia intrinsic 
energy 

R ' 

Therefore 

R R * R 

or 

p,V2(l + 2c) = |>icV. + ftV««l -r c) 

or p^ has the same value as in (14). 
But L H is now an adiahatic, and 

DH GD - GH , /fH.l 

1 . ( 1 + (1 + X)^ » * 

= V-^'-n i^2c r- ■ ■ •■'■■ 

Numerical Examplt, — ^To calculate p^ and r^ for \ •.-j. :j .rr 
Yolume of 1 cubic foot, a clearance af one-fifth of a . .ou: 
foot, and compression to four atmospheres. 

In auy case, from (1-i), 

p, = 14 7 l^*l^A^ = 21 Ih. 
For isothermal compression, from Hot. 

»?i = 1 - — j^ ^ 3^ ^ ^^ * ^^ ^^°^ 
With adiabatic compreesion, from (16/, 

•?. = H - i { ^-^^^^ p = 94-3 per «Bt. 
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6. Work Done per Stroke with Equalisation of Pressure, — 
This is represented by the area A B C D H L, and 

ABCDHL = MBCK + KCDG-KLAM-KLHG. 

First, assuming isothermal compression, the above 

= U = 144 VJ (1 + c) (pshyp. log^ + p, - p,) 

( Ps 

- iPi-Pz)c - PiC hyp. log ^ i . . (17) 

Pi ) 

Using (14), the above may be put in terms of pi and jOj, 
Pa being eliminated, but it is then very complicated, and 
we prefer to leave it in the above foruL 

If the compression is adiabatic, we get 

n.l44V.{(l + .) (-i-j.ft [(6)=^ - 1] * ft - ft) 

-<ft-ft,.--i.ft,g)i[(»)'-f;.i]}.a8) 

Numerical Example, — To find the work required per 
stroke when the cylinder volume is 1 cubic foot, the clear- 
ance one-fifth of a cubic foot, and the compression to four 
atmospheres. 

First, assuming isothermal compression from (17) and (14), 

U = 144 1 H X (21 hyp. log^ + 6-3) - 37-8 x i 

- V t^JP. log ^ } 

= 144 {U(21-6 + 6-3) - 7-56 - 1*5} 
= 3860 foot-pounds. 

The volumetric efl&ciency has been shown to be 91*4 per 
cent, so that the air efl&ciency 

2931 X91-4 pQ ^ ^ . 

12 = 3gg^ = 69-5 per cent. 
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The low efl&ciency is, of course, due to the somewhat large 
clearance. 

With adiahatic compression, from (18), 

U - 144 I 1-2 (3-45 X 21 r(^)'^- l] +6-3) 
37 -8 3-45 X 14-7 / 21 \-^ r/ 21 \-« ,11 

"T ' — 5 — ^ V1T7) Lfe) -Mr 

= 4600 f ot-pounds. 

The air efficiency is here 

2931 X -943 ^, p. , 

= rm^ = 61 '5 per cent, 

4500 ^ ' 

so that our statement above, that increased volumetric 
efficiency produces a loss of air efficiency, is corroborated. 

7. Hise of Temperature during Compression and the 
Quantity of Heat that must he Withdraum. — Let pv^ r= 
constant be the equation of the compression curve, n being, 
of course, greater than unity and less than y. Then, since 

Pi '^i' = P2 '^2' and -^i^ = ^^" 

subscript 2 referring to the commencement, and 1 to the 
end of the compression curve, such as CB, fig. 1, 

and equation (4) gives us per pound 

Hi = Uo - K, (^ - fa) ... (4) 
Here Uo is the work done during compression = G B C D, 

fig. 1 ; 

• TT - 1^4 (p^ v^ - p. v^) 



n - 1 
_ R (^ - t.) 



n - 1 



per lb. 



BO that H; = 144 ^J^ " y {r ^ K,(n - 1) I . (19) 

K (7i — 1) ( ) 
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when the volume is known) or 

^^-'■^■{^-'K^i^-'^)} ■ (20) 

per pound of air, R = 53*2, and K^ = 130'15 foot-pounds. 
Equation (19) may also he put in the form 

It may be mentioned here that where air is used to bum 
fuel the weight is the quantity that should be known, but 
when used for transmission of power, the volume. 

With equalisation of pressure at the end of the stroke, the 
quantity of heat that must be withdrawn is given by (21) 
if j3, is substituted for p^. 

Numerical Example, — The clearance volume is one-fifth 
of a cubic foot, and that of the cylinder 1 cubic foot ; the 
compression is four atmospheres, and the exponent n is 1 '25. 
To find Hi in foot-pounds per stroke. 

Here ^2 = Vg (1 + c) = 1*2 cubic feet, so that 

H = 144 X liliil:? K^ _ J ) I 53-2 - 13015 x -25 ) 
* "lb \ ) \ 53-2 i 

= 1265 foot-pounds. 
The temperature ^ absolute at the end of compression is 

^ = ^2 ('^\^^ 521 X 4- = 686 absolute 

= 225 Fah. 

if the temperature of the atmosphere is 60 Fah. 
Had the compression been adiabatic, then 



t^ = i^(h\-^=. 521 x4^ = 775 absolute 

= 314 Fah. 



In order to find the highest temperature from . an actual 
diagram equation (1) may be used, because we know the 
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I-i 



volames and praarazes oi thtt Mlmitad imi vaamrmi kir 
whether there he equlaatiaD of preaFtre or 3ix Lee 9!. c« 
the Tolame of air arhntttwi per scrokr. which. i» F C. H *.. ir 
H D in fig& 1, 2; and 3 respectrndjr and if i^ is the 7«:Lixm« 
of air discharged, it is lepreaenteti bj A B in ;iIL uipk fi^rxrvL 
In an actual diagrun p^^ the actual termizial pre«iiiz« >c tiifer 
suction stroke will be a trifle leas than jUy hat of <!i}fxne i^ 
can be obtained bj meaaozement firavn die dragTMn Tlb» 
temperature of the atmoephere is t^^ my that 



'i 



Pi^i 



— ^ or f i = -^' ' 



11. 



Strictly speakings t^ is not the hx^est temperature, 
because pi is not the highest preasnre. In fig, i, which is 
an indicator diagram from an air compreaaor oonstmctad bj 




Gvlioder, Sin. bore; 12in. stroke; revolutioas, 140 i»«r minute : I.H.P . 147 
n«fl^ectiDg friction ; air ddivered, 93*5 per cent of cylinder capacity : cltaranoe' 
1*081 per cent ; medumical efficiency, n^ecting friction, SO per cent. 

Fig. 4. 

the Tilghman's Patent Sand Blast Co., it will be noticed 
that the pressure at the end of compression is higher than 
that at the end of discharge, which latter, of course, is equal 
to Ply and it is the former, jOg, which must be used in (21) ; 
also the volume Vg at this pressure is really leas than v , and 
can only be foimd approximately by producing the curve of 
expansion from the clearance upwards. Then the horizontal 
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line between the curves of expansion and oompressioD at a 
height corresponding to p^ will give Vgy so that the highest 
temperature 

^« = i^^ (22) 

in place ot Vi, 1/3, and Vg, the corresponding lengths on the 
diagram in inches, would be used. 

Numerical Example, — In fig. 4 the horizontal distance 
between the lower end of the expansion curve and the foot 
of the compression curve is 11 centimetres. This is v^, and 
Vg is 2*35 centimetres. The pressure p^ at the end of the 
Huction stroke is 14 lb. per square inch, while the highest 
pressure on the compression curve is 94*5. Assuming an 
atmospheric temperature of 60 deg. Fah., then the highest 
temperature from (22) is 

521 X 94-5 X 2*35 ^rn u 1 * 
tK =* :; — = 750 absolute 

14 X 11 

= 289 Fah. 

If the compression had been adiabatic, the temperature 
would have been 

t^ = t^ /?L«\^= 521 X 6*76'*= 906 absolute 
\pj 

= 445 Fah. 

8. Cooling of the Air, — Equation (66) shows that it ia 
advantageous to cool the air during admission when the 
weight of air supplied, and not its volume, is considered, for 
the work per pound is shown to be proportional to ^j, which 
may, in practice, be taken as the temperature at the end 
of admission. But (6a) shows that for a given volume of 
atmospheric air cooling during admission is useless. If the 
air is to be used for driving machinery at a distance, cooling 
during the discharge is useless, because it does not decrease 
the work 144 {pi — p^) Vi which is required to expel the air, 
and the air will be cooled in the pipes during transmission. 
If the air is to be used at once, to cool it during discharge 
is wasteful, because it thereby loses some of its intrinsio 
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energy. It is tliwefore Cieir xn^z €&>z^ isocf^z zx^i i^a» 
daring compresBon, and oe&se u aocn as daebkz^e %3r- 
mences. The object, of CMirae. is xo red^ice s its ztBir zz- 
unity as possible. Modi ox.1ti^ einnoi he i;c* d::n:iz 
admission unless water mncii coL^ier xhtzi lae air can re 
obtained. In spite of this thoe are manj exaznxMM oc 
compressors in which water is injected ioiing the scccioei 
stroke. 

9. To Find ike Exponmt of Ae C-ymprari^m Cmrm^— 
If p v* » constant, 

Hence, on the ideal diagram in which the compression corre 
lies between p, and p*, 

^ ^ log ft - log P; .... (23i 
log r. - log r 

Vi and Vj being the final and initial volumes : so that in fig. I 

V. = r. and r, = r. 
In figs. 2 and 3, 

^1 = V,(I + c) and ri = Vj + cV,: 

80 that unless we know e we cannot use (23). If, howevei, 
we assume that the whole compression curve follows the 
above law, then, if we cannot actually measure the clearance 
volume, we can calculate it and also n, with the result that 

V V - v 

'^* = 2 v.* - vr-'v: <-*> 

n can now be calculated from (23). 

Numerical Example. — As in the previous example, the 
pressures at the commencement and end of compression are 
14 and 94*5 lb. respectively, while the volumes V^ and V* 
(neglecting clearanc e) are represented by 2*35 and 11-6 

centimetres; p^ = JPiPa = 36*3 absolute, and V^ = 5-35 
centimetres ; to calculate n and the clearance as a firaction 
of the cylinder volume, 

Vi Vg - Vb" ^ 2-35 X 11-8 - 5-35 " 

V2(2 V, - Vi - Vs) 11-8 (10-7 - U-15) 

» V, is the raJue of Y when p^ a VTIPai 
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0-966 per twnt, wud c V. is represented bj 1 1 ceiitimetrea 
a ftiTen in fig. 4 aa 1-Osl per cent. 
,_ log 94-5 -log 14 



' 1 1 -91 - 



log 2-46 



= 1-21. 



It is not advisable, however, to trust to the calculate 
v&tiie of c, an the equatiou to the curve is aot always p v" 
constant. 

10. Cojnpouttd Air Comprtisors. — In order to reduce ths. 
iimouut of work and the streaeeB upon the working parts, 
compreasion is effected in two or niore stages, the air beings 
cooled in receivers placed between the oylindera. i'ig. 5 it 
rt oombined dingram of compound compresaion, neglecting 



A BCD 

TT~1 

* \ * 

\\ \ 

\^ 
I f\ \C 

k 2^ 

t 



clearance ; A C F E is ttie diagram of the high-preBaont 
cylinder, and E G K H that of the low ; K F B is an iaother^ 
iiml, and K G D a curve whose equation ia pv* ~ constant, 
which we shall euppoae is the compreasion curve in a singli 
cylinder compresaing to the aame presBure. The air is di» 
charged from the low-preasui'e cylinder with a volume E (! 
into a large receiver, where we suppose ita pressure to i 
ounstant while It is cooled to the volume E F at atmoapherii 
temperatare. The high-pressure cylinder now draws in thii 
volume and compresses it to the presBure required and t 
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Yolume A C. The actual work required is thus xepieseaied 
by the areas A C F £ and £ G K H : the anantitT that 
would have to be doue in a sins:le cTlinder is K D A H, so 
that the work C D G F is saved. The ideal amount of work 
needed is A B K H. Let Pi, r^ be the pressure and Tolume 
at 0, p^ r, those at F, and p^ r, those at K : we shall first 
find the ratio of £ F to H E, that will make the work that 
is to be done a minimunL 

EGKH = lii^ ft«-» -^ f-)^' - 1 I' • '^fl) 

but Pz^i = p^Vi, as F K is an isothermal ; therefore the 
total work done 



u = 


— • ^ - m"-' * (g)""' - =] • <'^ 


so that 


( ~^ n + ( — 1 n must be a minimum. 


Let 


ti-i 

pn =V, 


then 


P P 

w = =-? + ~ must be a minimum. 



Po P 



3 



Differentiating u with respect to P3 and equating to 0, we 
get 



d P, P, Pa^ 

or p^' = p^po. 

Let the isothermal BKhe pv = c. Then 



o 



£1 = 2l£ 



or Vi = V, 



'» = ''v^'^; • • • • ^26) 
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or if dj D are the diameters of the high-pressure and low- 
pressure cylinders, both of the same stroke, 



Equation (25) now becomes 

288 71 



(27) 



n-l 



If there are several cylinders, as in fig. 6, and if the 
intermediate pressures at G and F are p^ p^ respectively, 
then, as we have shown, 

Pa = PiPz^ and p^p^ = p^ 

so that /?i, p„ p4, and p^ are in geometrical progression. Let 
v» «'4» ^2 b^ the volumes of the cylinders CD, F G, and K L, 
and let A M be v^ Let 



and therefore 




Pi 


then 




Vo 
^0 




Vo 


= El = !L3 = K 




n 


^'3 t'o 


or 


V2 

«'4 


K = V7 


therefore 






or 




'u ^ /P2\h 
vz ypj 

V2 \p^) 



niL =" 






1 
2 \ 




F 




♦ 


ir 


* 


>V^ 














r^ .^W — ^ av s . I. 
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The horse power ^ ?I000j<_280 ^ . 

^ 33000 

Of course the indicated horse power of the steam cylinders 
is more than this, as friction has to be overcome. 

The ratio of the work done, neglecting clearance, in a 
compound compressor to that in a simple compressor can be 
obtained from (28) and (6a), Dividing the former by the 
latter, we obtain 

n-l 



11 = ^ ^p^y i 



1. 






n - I 



(-) " 



+ 1 . . . (30) 



In the above example this is 



R = -A_ = -9. 
2-214 



The improved volumetric efi&ciency of a compound com- 
pressor is evident For example, if w^e assume a clearance 
of -jj^^, the volumetric efficiency for a simple compressor 
would be, from (13), 



•s 



V3 = 1 + c - c p)^= 1-05 - 7 X ^V 

= 1-050 - -237 - -813. 

In the compound air compressor the highest pressure in 

the low-pressure cylinder is jt?2 n/7, because the compression 
is to 7 atmospheres ; hence 

t;, = 1-05 - 7'x ^V = '9^1- 

Numerical Example. — Air is to be compressed to 200 
atmospheres in three stages. To find the work required per 



cubic feoc cf KzzciKntsikr u:. ^srir* m-rr -zjj*: rfmir^jgiiiii :x 

is 25 ID-, xht Kxxket 5il zz., izii ryrnT^iTia* ler 3E:.rr* A* 
the ToInnjKr^ miTt^frtT recur >« ler 



tc^ .^ 1 — =~ - - - 



<?. = 



T- - — 



;--M-i -*- 



y - ■^- - 4-- 



The formuLi for the work rsi^^^irei is c-ccaiziCii in the nsiie 
way as (2S)j and is 

U = 3 X 144 — ^ r, r,< ( £±|^^- 1 '^ . ;S1> 



- 1 ^ • ^r*^' 



and if « = 7, this becc'mes. if r^ = 1 c-bic foot, 

U = 3 X 144 X 3 44 X 14 7 •' 5S4S - 1 * 

( } 

= 14800 foot-poiin is. 
The number of cubic feet of atmospheric air per minute is 

25* ^, , ... So 



- X 



X 2i X ISO X -::1- = 1300 



4 144 "^ 100 

80 that the horse power required, exclusive of that needed to 
overcome frictiou, is 

jj p ^ 14800 X 1300 ^ ,^j^,^ 
33000 

And as each cylinder requires the same amount of power, 
the horse power of each will be 194. 
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In this case the ratio of the work actually done to that 
which would be required in a simple engme is 



7-1 



R = 



MO"-'} 



(-) 



7-1 

'' - 1 



(32) 



^ 3 {5-848 ^- 1} ^ .30 
200 "^ - 1 

11. Ratios of Cylinders^ taking Clearance into Account, — 
When clearance is taken into account the volume compressed 
in any cylinder ia H C, fig. 2, and 

HC.{l..-.(g)-}v. 

Fig. 7 is the combined diagram of a three-stage air 
compressor, and the volumes A B, C D, E F correspond to 



C^H 




B 





Fio. 7. 

H C in fig. 2. In one revolution no work is done on the air 
that is compressed into the clearance space and expands 
again ; in fact, the work done in each of the three cylinders 
is the same as that which would be done in cylinders without 
clearance and having volumes A B, CD, E F. If we give 
these volumes the same ratios as in section 10, we shall have 
the most economical cylinder ratios. Let the pressures at 
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A B and CD he p^ and p^, and the cylinder volumes of the 
high-pressure and intermediate cylinders Vs and V4. Let 
the clearance ratios be Cj, C4, and Cg. As in section 10, pi, 
Psi Pii ^^^ Pi ^re in geometrical progression, and therefore 

Pi ^ Pi ^Pi, ^ /Pi\^ 

P2 Pa " Pz \pJ 

and 

EF 
CD ' 






CD AB 
AB "■ GH " 


' J Pi 


-Iv, 





/>2> 



{'-'•-'•©"f 



P2^ 

Supposing all three pistons have the same stroke, 



ft; 



'■-"•JZI -^ ■ ■ ■ m 



rpi\in 



and 






''•■'•.It! ^=^- • • • («) 

The following table* gives the horse power required to 
compress 1 cubic foot per minute, both isothermally and 

* Air Compressor Catalogue of the Worthington Pump Company. 
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£ 

3 



to 

5 
08 

o 



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

8C 

85 

90 

95 

100 

110 

120 

ISO 

140 

l50 

160 

170 

180 

190 

200 

221 

250 

275 

300 

825 

350 

375 

400 

450 

500 



•a 

s 
s 



Isothermal 

com* 
pression. 



3^ 

S' 
4 
4' 
4- 



1-34 
1-6S 
2-02 
2-36 
2-70 
•04 
:'.8 
72 
06 
•40 
74 

5 08 
5^42 

6 •76 
6-10 
6-44 
6-78 
712 
7^46 
7-80 
8-48 
9-16 
9-84 

10-52 

11-20 

11-88 

12-56 

13-24 

13-92 

14-6 

164 

18 

19-7 

21-4 

28-1 

24-S 

26 5 

27-2 

31-7 

85 



Adiabatic 
oompresslon. 



Two-ata^fo 
compression. 



Three-atafi^e 
compresaiou. 





•0188 


•011>7 ! 


-0333 


•0361 


•0481 


•0505 


•0551 


•063 


•0637 


•075 


•0713 


•085 


•0781 


•095 


•0843 


•104 


•0900 


•112 


•0046 


•120 


•0995 


•12S 


•1037 


•134 


•1080 


•141 


•112«i 


•14S 


•1160 


•154 


•1196 


•16i' 


•1230 


•166 


•1260 


•171 


•1290 


•176 


•1320 


•182 


•1371 


•lO'J 


•14«2 


•202 


•1467 


•210 


•1510 


•21 S 


•1647 


•2-26 


•1683 


•234 


•1622 


•242 


•1656 


•2.jy 


•1687 


•266 


•1720 


•263 


•1700 


•27 S 


•1860 


•292 


•1P20 


•306 


•1970 


•317 


•2020 


•328 


•2060 


•342 


•2100 


•35* 


•2140 


•364 


•2230 


•381 


•2290 


•39S 



•96 

•93 

•90 

•88 

•85 

•84 

•82 

•81 

•80 

•7v» 

'lb 

•77 

•76 

•75 

•75 

•74 

•74 

•74 

•73 

•73 
•70 

•71 
•70 
•69 
•69 
•68 
•67 
•67 
•r>6 
•65 
•64 
•64 
•63 
•62 
•61 
•60 
•59 
•59 
•58 
•57 





1 - 1 


perature. 
Llirenbeit. 


ulred to 
cubic foo 
r minute. 




88^ 

** n h 


«> 


. O.S 


•32 
& 
2^ 


H.P 

compr 
free a 



as-. 

O 0) *• 

c b t 

els 



lOrt 

145 

178 

207 

234 

252 

281 

302 

321 1 

33y 

357! 

375! 

S8{»' 

405 

420 

43-2 

441 

459 

472 

M85 
601 
5-29 
560 
570 
589 
607 
624 
640 
657 
672 
716 
749 
780 
815 
837 
867 
892 
915 
960 

1001 



•109 
•115 
•121 
•1-26 
•131 
•136 
-Ul 
•146 
•150 
•164 
•158 
•165 
•172 
•179 
•186 
-193 
•198 
•203 
"208 
•213 
•217 
•227 
•237 
•247 
•256 
•204 
•272 
•277 
•283 
295 
•307 



•S7 
•87 
•86 
-b6 
-Si 
•85 
•fc5 
•84 
•84 
•84 
•83 
•83 
•83 
•82 
•82 
•81 
•81 
•80 
•80 
•79 
•79 
•79 
•78 
•78 
•77 
•77 
•76 
•76 
•76 
•75 
•76 



.4: J* 

•" /f» ■• 



188 
196 
203 
2u9 
214 
219 
2-24 
2-29 
234 
239 
243 
250 
257 
2«5 
272 
279 
285 
291 
297 
303 
309 
320 
331 
342 
352 
361 
370 
376 
380 
397 
413 



lie 

•^ si 
3 ** fc 



•182 
•187 
•192 
•197 
•202 
•206 
215 
224 
•233 
•241 
•247 
•262 
•257 
•262 
•272 
•282 




•86 
•86 
•85 
•84 
•84 
•88 
•83 
•83 
•82 
•82 
•82 
•82 
•82 
•82 
•82 
•81 



2 2 9 

ill 

ill 



200 
204 
207 
211 
214 
218 
224 
280 
286 
241 
246 
250 
254 
258 
266 
274 
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adiabatically, in one, two, and three stages, with the efficiency 
in the latter case compared with isothermal compression, and 
the final temperature reached. For example, with 100 lb. 
gauge pressure the efficiency in single-stage compression is 
73 per cent, and in two-stage 83, while the temperatures are 
485 Fah. and 243 Fah. 

12. On the Loss of Pressure during Transmission in a 
Straight Pipe of Uniform Diameter. — Let Vj be the velocity 
with which the air enters the pipe, and Vg that of discharge. 
Let L be the total length, and I) the diameter of the pipe, 
both in feet. Let the pressures at A, B, C, D be pi^ p^, p, 
and/) + dp in pounds per square inch; dpi& of course a 



A 



I I 

C, |D 



h^- 



( I 
I — 



B fh 



■94 



Fio. 8. 



negative quantity. Let the specific volumes at the same 
points be Vi, ^2, v, and v + dv, and the velocities at C and 
D be V and Y + dY. The loss of head — i.e., of energy in 
foot-pounds per pound of air — due to friction for a small 
length dl of the pipe between C and D, fig. f^, is 

, -4rfZ V* 

'* = f —^ A 

D 2(7 

In " The Development and Transmission of Power," Pro- 
fessor Unwin gives 

f = -0027 (l + -^\ 

^ V iod; 



so that 



where 



h = 



kdl^ 
•0108 



* = -U-V ^ Iod) 



(33) 
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Let p be the density of the air at C, then 

\ p = — = constant = — L = - ., 

Since the velocity of flow increasos, the increased kinetic 
energy must be due to the work done by the air as it 
expands from a volume v to t; + dv, and this work has also 
to overcome friction. The equation of energy is therefore 

144 pdv = H 

, ^ dv = ^dY = md\. 

but Vi 

Let 144 p = P, the pressure per square foot Then we 
may either suppose the expansion to take place isothermally 
or according: to the law pv»» = constant Assuming the 
former, let P t/ = i. Then 

bdv ^2. dj_ _ yd\ kdlV 
V V rj 2g 

,d\ d\ kdl 
y^ gV 2g 

— TT-o - — hyp. lo": V = — 

2 V- g 'ig 



c - 



or 



,j 1 1 ) 1, 1 Vj klj 

— jlV-P2^[- ihyp.log^=4^ 



which reduces to 



^.j^^ 20736 mV |^._^^.|_2hyp.logg . (3b) 
If we suppose the flow adiabatic, then 



P z;^ = c or P = 4 
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and the equation of energy becomes 

cdv _ YdY kdlY^ 
vl ~ g 2g 

*^ = {T^Tiny^^ { v;^ - N^i } - 2 ^t^- ^^y, 

2 g m 



(y + 



—^ Prr - P.— \ - - hyp- log^ 



iL = 121^/^1 iB," - p," } - 1-42 hyp. log^ . . (36) 

Numerical Example. — A pipe is 1,000 ft long, and air 
enters it at a pressure of 100 lb. per square inch, and is 
discharged at 90 lb. Its velocity at inflow is 80 ft. per 
second ; what must the diameter of the pipe be ? 

First let us assume a temperature of 60 deg. Fah., or 521 
absolute. 

Pv = R« = ^> = 53-2 X 521 = 27700 



and since 



^» = i*^«<^'^^=S = i-'' 



m = — ^ = 



r, 1-92 1 



Vi 80 41-6 
80 that (35) becomes 

= 26*2 nearly. 
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C^Ywf^ ,3p = — , we have the quadratic, 

--a;- + X - 2-425 = 
10 

jr = ?2 and D = '62 ft = 7-42in. 



ff we asHume adiabatic expansion, and that the air enters 
the pipe with a temperature of 750 absolute Fah., then 

^, _ K < _ 53-2 X 750 _ ^^^^ 
' ~ P7 14400 '''^ 

2-77 1 , T, -v 

^<0 28-9 ^ ' 

= 14400 X 2-77^** 

i_ 

= 60400, .-. «'>'-= 2512, and (35) gives us 

1000 k = ,f'y^^,, { lOo" - 90" 1-3-26 log 12 
(28-9)2 X 2512 I J ^9 

k = -0183; D = -Sift. = 9-72 in. 

The loss of head at a bend is 

where C is the mean radius of the bend and </> the angle of 
Ijend in degrees ; so that the equivalent length of stiuight 
pipe is 



{013,*I-8«(3P„)i}* 



180 

•U108 /- :^ -^x • • ^^'^) 

D 



0-R») 



WITS. OJMFUB)SOa& 31 



*:E£JlPTEK. [L 
EsBwsinasra was. Comfsissoks. 



ea^Bff had tnmi icaizxL ami tw(} cooaprvtiiMxi^ oyluid^er^ Th« 
^BBOKCert^f ti&ff fixmusr wutt TOO ami. (lT*t> ul^ ami ok" tb<» 
l&ti:i»- (^lO' mm ( 1-4' 4^ ul.)^ tdie :sczi>ke beL^f U600 qiqll ^63 iu. X 
Exf«cii39ea:fi» weee ma^ht it It>. lt>^ -44>« aobd 54 n»YvUuti\>u;» 
per HDKzfiEv^^ icsnlfei <^ irkkib^ coarvrtod intv> British uiut»« 
mrB igimim ra the ff^Qoirbiir table : — 

» :v» ji$ KD M 

of fUnm. •iTifauiHKs .. ilitf :»9 «Sl *t\ 
■if (tuflxpnaBn^ 

l« 3M SS» ^J|> 

ptr,.'«iKt . !»-T »t^ Sl>'» T>J\J 

K^Bteibr l«5 2T:>5 «iV »«» 

In die tliiid expoiment thud stmm :uKi air |>i\H»^uiY;ii \vcrv> 
85-2 Ih. i^ gSD^ cr 9^-9 absolute. The piston art't^ id 
2y941 s;{iKiie centimetres ^ 456 aquarv iaohe;^) on Ivth sivioM 
as the pc^on roi paaKs riitht through the vx>iupre«isiu^ 
cjlmdcr, ao that the piston dbplaoeoieut iii oubio tVot (hm* 
mmnte-^ 

T^ = ^ X 420 - 1327 wr ovluuior. 
144 "^ 

The anctioQ prenore is slight! j beloa- that of tho Atim>* 
sphere, and the air expmda from the olearunoe U>fon> fiv^h uir 
18 admitted, ao that the Tolumetrio e^oieuoj is 94 \M»r oout« 
This enables ns to calculate the ideal horse (M>wer. 

2 X -94 X 144 ^^ V, hvp. log '"* 

T- — I /S 

33000" 

2 X -94 X 144 X 14-7 x 1327 x 23 log tt? 

= tJll . 307, 

33000 

* PortefeoQle ocanomiqae <L mach., toU xii, pa^j^ $3 uid $4« 
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The total efficiency ib therefore 
307 -, 
''' " 481 " ^" ' 
iiitd the efficiency of compreBHion is 

>,.. = -^ 4 =" 79-5 per cent. 

In thiB compressor water was sprayed into the oyliader. 
The efficiency of compress! oa with adiabatic compreHsioii is 
74 per cent, so that the apray had some alight effect, 

7'riu of a Slraad Compretsor with MechanieaCly-eotUroUed a 
Valvei.* — The leading dinienBiona of this engine » 

DluoaterDrhlgh-iitsnure steam ojljuder SM) mi 



I 






roynnd 



ilT in.) 
ie'4 In.) I 



JlftfJ^'^^'St 



The experiraeiita were carried out by Prufesaor Schrotar I 
and Outermiith during the commencement of 1693, at the I 
Offenbach Power Station. The results are given by them ia I 
the following table. We have added ihe total efficiency and. 1 
the air efficiency. 



rcylindsni.. 



•rosara 1)T B»"Ba ... 



Uecbiuiiol tScicmDf , pec cent 

Lp..i,„ii.d„ liri;: 
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Tests of a Riedler Compi^essor at iht CenircJ Potcer Stalion^ 
Rue SL Fargean^ Fat^\ — The results of four experimeuts 
with this compressor are given in the following table. The 
valves were mechanicaUy controlled ; the diameters of the 
cylinders were 1,090 mm. and 670 mm. (43 in, and 26*4 in.), 
with a stroke of 1,200 mm. (47*2 in.): — 

Revolutions per minute 52 60 38 3*.) 

Horse power of air cylinders in chevaux vapcur. 615 7C9 422 424 

Gompreanon pressure in atmospheres absolute. . TH) 71> 7*0 71) 

Volumetric efficiency, per cent 98*5 9S0 98*5 9S'5 

Voltune of free air per revolution, in cubic feet. 77*5 770 77j 77'5 

Volume of free air in cubic feet per steam > «-- ^,. «,., oc^ 
horse power per hour V. )" ^^* ^^* ^'^' ^^* 

Total efficient ^x per cent 74 7 74*7 70-4 81 

Air efficiency 17a per cent 82*5 S2-2 88*2 90 

Mechanical efficiency, per cent 00*6 010 90*1 90 

We have added the last three lines. The total efficiency 

_ 144 X 14*7 X hyp. log 7 
"^^ '9b5 X 33000 X 60 *'' 

where Vj « volume of free air per steam horse power per 
hour. 

_ 144 X 14-7 X hyp. lo^7 Vo.Jl 

"^^ " -985 X 33u00 "" H 

where Vj = volume of free air per revolution, R = revohi- 
tious per minute, H = horse power of air cylinders, and the 
mechanical efficiency is ^^i -r- ^o- 

Test of a Two-stage Compressor constructed by the Chicago 
Pneumatic Tool Company, — The following are the results of 
a test of a two-stage compressor having steam cylinders 16 in. 
and 27 in. diameter, air cylinders 24 in. and 14 in., with 18 in. 
stroke. 



t Neue Krfahrungen Uber die Kraftversorguug von Paris (lurch Druckluft, von 
Prof. A. Riedler. 
4AC 
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Results of Tests of 24 C.S.C. compressor (runuing con- 
deusing). Duration of run 2^ hours. Readings taken 
every 15 minutes. Date, Jan, 7th, 1903. 



Air cyliDder data. 



Average K. P. M nO*" 

Average receiver pressure 7s •! 

Average temp. L.P. intake 58'S 

Average temp. L.P. di^charge .. 21C-0 

Average temp. H,P. Intake 82*4 

Degrees of heat extracted by 

iutercooler 136-6 

Average temp, of discharge (H. P. ) 182 "2 
Temp, of air compressed to 78, 

with no cooling 427*0 

Total degrees of heat extracted by 

jackets and intercooler 244 '8 

Average M.R.P., H.^. air (Hd.E) 370 

AveragoI.H.P., H.P. air (Hd.E) 146 
Average M.B.P., H.P. air 

(cmnkE) 379 

Average LH.P., ii.P. air 

(crank E) 14-9 

Average I.H.P., H.P. air cylinder 29-5 

Average M.E. P., L.P. air (Hd.E) ]8-5 

Average LH.P., L.P. air (Hd.E) 21-5 
Average M.E. P., L.P. air 

(crank E) 18*2 

Average f.H.P., L.P, air 

(crank E) 212 

Average L H. P. , H. P. air cylinder 42 7 

Total LH.P. of H.P. and L.P. 
air cylinders (29 -S— 42-7) 72 2 



Steam cylinder data. 



Average R.P.M 66*3 

Average M.E. P.. H.P. cyL (Hd.E) 87*4 
Average L H. P., H.P. cyL (Hd.E) 19 26 
Average M.E. P., H.P. cylinder 

(crank E) 42-8 

Average I.H.P., H.P. cylinder 

(crank E) 22-0 

Total LH.P., H. P. cylinder .... 41-25 



Average M.E.P., L.P. cyL (Hd.E) 12-6 
Average I.H.P., L.P. cyL (Hd.B) 19-4 
I Average M.E. P., L. P. cyL (crank) 14*56 
Average LH.P., L.P. cyl. (Hd.E) 21*16 
Total LH.P., LP. cylinder 40*5« 



Total LH.P., H.P., and L.P. 
steam cylinder 81 "81 

Quality of steam 97 per cent dry 
vacuum 20*7 in. 

Total weight of condensed steam 
for 2i hours 4100 

Actual steam for LH.P. per ho<ir 

^^Q^ = 20-09 
81*8 X 2'6 

Dry steam per LH.P. per hour 
20*09 X 97 per cent = 19*487 

Mechanical efficiency of com- 

72*2 
pressor = 88*2 per cent. 

81*81 



Average intercooler gauge pressure 26*7 



The above table shows that the volume swept out by the 
L.P. piston was 533 cubic feet per minute ; to compress this 
to 78*1 lb per sq^uare inch by gauge or 92*8 absolute would 
require '88 horse power. 
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147 X 144 X 533 x 23 lojr 



U = 



TTT 



33000 
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= 63-2. 

^^ eflficiency of compression 

% = = o < "2 per cent, 

72-2 ' 



AIK CYLINDER. 




:^,^ iHameterof cylinder, 11 in.; rtroVc, 14 in.; K.P.M., UO ; M.K,K, 415; b^/Jl«f 
^^«8ure, 95 ; air pressure, 100 ; I.H.P., Vr\. 



STEAM CVLIXDKU. 




Diameterof cylinder, 12 in; stroke, 14 in ; K.M.P., MO; M.E.P., 50 -7; l^^nler 
pressure 95 ; air pressure, 100 ; I.H.P , 66-7. 



and the total efficiency 

62*2 
w- s= ;rrW = 76 per cent. 
'* 81-81 ^ 

Assuming a volumetric efficiency of 95*25 per cent, as in 
the next example, these figures reduce to 83 and 72*2 per 
cent. 
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Fiss. 9 and 10 show the steam and air diagrama o1 
another two-sta^c air compressor bj the same firm. Measure 
ment of the diagrams shows that the volumetric efficiency 



AIB CYLIXDER. 




Diameter of cylinder, 19 in. : stroke, 14 in. ; R.P.M., 140 : 11.E.P., IS-S ; boile 
pi eM u re, 96 ; sir prenore, 100 ; LH.P., 52*9. 



STEAM CYLINDER. 




Diameter of cylinder, 12 in. ; stroke, 14 in. ; RH.P., 140 ; M.E.P.. 49 7 ; lKMl«r 
pressure, 95 ; air pressure, 100 ; I.H.P., 55*6. 

Fn;. 10 

is 95*25 per cent. The ideal mean eftective pressure referred 
to the low-pressure air piston is 

0-9525 X 14-7 hyp. log ^^"^'' 



14 



=-- 28-8. 
The actual mean pressure is 32*75. 

Hence 



Vi = ^2^ = S8 per cent 



: Lff & laairifXLi j 



■. ■ I *Xj* 'ilSSfr' t 
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IXTV 



;n- 







ir. 11, itr ^TUSL Z SMML :.-^J^r:. 

■^t 'Ti mil- ^-''•'i ix- -- 



■c>^. 



... ,» 



»• i* ■ 






38 AIR COHPRISSOBS AND KLOWlttQ RNGINKS. 

atmoapherea absolute. The speed was 68 revolutiona p^c 
minute, nnd the mechanical efficiency 88 per cent Tb't^ 
mean effective preseures of the high aud low pressure coiu- 
presaing cylinders were 3'85 and 1'25 atmospheres, aud the 
meau effective pressure referred to the low-pressure piston 
was 2'39 atmospheres. The volumetric efficienoj was 97 
per cent, so that the mean effective pressure referred to the 
low-pressure piston with isothermal compression would have 
been 

p = '97 X hyp. log 7 = 1'885 atmospheres. 
The efficiency of compression aud the total efficiency are 
^, = i!^ - 79 percent; i/^ = 79 x -88 = 69;5 percent 




These eiperiments were made on the 20th and 21at of 
June, 1903. On the former the temperature of the entering 
air was between 27 deg. Cen. and 29 deg, Cen. ; that of the air 
entering the intermediate cooler between 115 deg. and 136 
deg., which fell to between 50 deg. and 57 deg, on leaving it 



^uns roK rmL^-zxzsii B;^ZAZS»M^m!f iw ? 



Mid the me of teMcsisact a: laif sic-izir T-irs: wab ir li 
^<ieg.tolOdeg. 



CHAPTTE. ZZl 
Valtib for Pfcii-rcCT* BiCiLajjniT zw Jxe 



13. Theory o^ V^vf* fi^ I^'i»:^urLv: i" ••.?.-:-. » 
Frtumrt at tkt Emd c'^' ii< Sstjcl, — 1l iii: II .-• ri fi. i : .ri^ 
of TalTe for this parpDWL T»s pfc«wak7f^ i. i ir tij* :7::u:,^ 
oorrespoodiiig to steaan li^Biess. ir» 5:r ^iif u':z rwiiic. iz:: 
dischajge <A air 6om eduker sS? nf ij[i± iLidc^ ITLe- iOM&t c 
is that throogfa which azr Ia ^izzinai. loi -tza fz^u^ k:*^r 
and around the Talre is exiaapsei vrti ib* iaeiitrj* :E::«t 
A TalTe fc, similar to ti»e di*crii«:na:iL xLt* :r j. ^^--rr 
expansion TmlTC, has rertiCTl r&s<ac*^ ^ -stjijst ^i-i. vr^'i 
are closed at the ta^ by a plk«e ? i>»ii Si-pz. ": j t:* -rt-i?.^- 
of the air aboTe it, and bv tw;. fiinl «::rj:i^"i» Tiitrir _• k *. 
a passage which we shall call lae ft«:2klj&L'rj:c -»t^*mt.-r>* ^ i_,^ -_ 
connects the two passages «, <. i:>i ta»?w::^-r -.n!!! rz.'i* ::' -_irr 
cylinder. The inside edges vf iLa i*Lsi*^-t i:it^i_:T ^-.^ 
the inside edges of the pass&gei «. #. r j ..n»i'f* ^: _* 
meant the distance between the gr»:i* el^ :^ k Hkstswr i 
and the inside edge ol a Tertical r&ssv^-e ::i f. Ti* —isiir 
lap is the distance between the irjif-ir ai2* :: ^ iiL-aa^* i 
and the corresponding iuside ed^e :■: ^iir Tilrt. F^ 1. 
shows the crank c s and the eccer.tr.c * ^. iz.: tiir iz^-.r :: 
adTsnce is A « r, but the motion U ii* t^r .r :t--».:c: ::-^.-: 
to that of a steam engine, as showi. tv izt a-t. t. i.^ . 4 
is the TalTe diagram, which is sirdar :> * 2V:?aa.-7:-j-..,e 
TalTe diagram. If c » and c r are the iz.^lir iul .--li.ie 
laps, while cp and eg are the widths •:•: the rx{ui2:.r. ^iz. 
passage, then when the TalTC is moTi^L' t.> the let:, ar.i ->. z.-^ 
the left of mid-stroke by the amount c n, the ei^^entrl: cei-tre 
line, or briefly the eccentric, is at an angle q ^ d from the 
dead centre, and the passage is just fibout to open. As the 
TalTB moTes further to the left the eccentric api.r.-.iobes 
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the dead centre, and when the valve has moved c d from 
mid-stroke the eccentric is ou the dead centre. The valve 
now commences to move back, and the left-hand passage « is 
gradually closed Inflow stops when the valve is a distance 




Fio. 13. 

c n to the left of mid-stroke and is moving to the right, and 
the eccentric is then at c 6 — i.e., an angle bed from the dead 
centre. As the eccentric rod is very long, the motion is 
practically harmonic, and g nh is perpendicular to J «. 
When the valve is a distance c /) to the left of mid-stroke, 
and the right-hand end of the equalisation passage just about 




Kio. 14. 



to open to the right-hand passage «, equalisation of pressure 
commences, the air flowinor from the right to the left side of 
the piston, the eccentric being now hcd from the dead 
centre. 
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TheTilve pdiaaes orcr its ma^iil* pciSTiic- zhiiz it>.^-JL. 
%. 12, and when it is a disSftiice c q x^ zhii r^t :c =-»:- 
'^ke equilibrimn eeaisea. ais-l the *ir :c. tb» js!^ :c z'lr: 
piston is compreaaed hj its d>:-C2oq t.> rr>r jsr?i WL*- zzrz 
' yalTe is cr to the right *A mii-Krcke. ti* xtrasL pa««kj« 
"* ft on the left opens to the pasBkge #• ^^ i jl^ w :rL : :ti: 
eipefled were it not for the Tklre f, wLirL *:« ^it r.-^ 
^^il the pressure benemth betomes * vriz* jr?Ar.&r t ia^ iLit 
above. The Tslve moves to the ex>i ■:: :is rrrikr i. •n-r 
^t, and retama, closing the left p«9&* jr: i, *. tiu.: ::«i:Lirjr 
^^®*86s; and we shall show that if c r = ^ «• 'Li* -»-.l^ '•r it 
*^8 end of the stroke of the piston t.> the lefL Wi^r. i.e 
▼alve is cj from mid-stroke and m;-rin^ t.> thr .-rft. t:.- 
left-hand end of the equalisation pa5<dL^e :• ; i«t i-f. .t •-. 
^P^D, and the right-hand end closes whei. th-e t^.t* :• : z. 
*"« left of mid-stroke. While, therefire, th* -^-..-'^^r.: 
^oves through the angle I c k eq^jilibrlu:.- tikr* : ^:- 
^^niiasion on the left again takes place »Le:. the vilr^ ii : h 
7^ the left of mid-stroke. Thus d $ luiv ?e '. • krii .:. •..- the 
*^eof stroke of the valve ^c, cb, el, rtc, a.* t:.e i-.^.:: :.- 
^f the eccentric relative to it when the valve is •.• », : . . eto.. 
*^om its mid-stroke, and d* nkav be caMe^i the vi'.ve l:ii-r. 
T*he crank leads the eccentric bv the iin^le r * f, i.j. 13 : - ^ 
that if a line a c 6 be drawn making the angl's i c d ^y: \\ t- ■ 
^ ity fig. 13, then, if a c^ be the angle the :ra:.k r:.*ke- -^ it:, 
the line of stroke, and (^ nc is a right aiii^Ie, tr.en t'r;e vj".-- 
is en to the left of mid-stroke, and j*iri.:larlv f-r the other 
positions. So that <r^ is the positi'-n of the crank -xh-n 
admission commences and c h when it ceaiiea : r k and cl ikT*: 
the positions when equalisation of presriure commences, c m 
and ch when it ceases; et and ca when the left vertical 
passage in the valve is connected to and cut off fr>ni j». In 
the triangles arCj cnb the angles at c are equal, an'^ th^.»?te 
at n and r are right angles, a c being equal to ^ h. Therefore 
c r and c n are equal, and the outside lap <if the valve i.s 
equal to the inside, and these and the angle of advance are 
evidently determined by c^; ch must be on the stroke line, 
and c d must bisect the angle g ch. In fig. 1 5 the con- 
nection between the indicator diagram and c g is shown. 
Between 6 and h^ a and /, fig. 14, there will l>e a slight 
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coQipresaioii of the nir from the iitmoBphBric Ime nu the left 
and right of the piston respectively, but the portiou of the 
stroke tritvelled is bo amaM that these may be neglected. 

la fig. 15, instead of ff being vertical and the oommenoe- 
meat of the eipaaBJou curve e d being at e, there sfaould at 
first be expansion, as shown dotted bj fi, while tbe crank 
traTels from a ta I, fig, 14, thea equalisation, causing the 
drop I m (supposed instantaneous) ; following this w» A, a very 




short horizontal line, exaggerated in fig. 15, while the o 
travels from I to h, fig. 14; and finally expansion h k, whi 
the crank moves from h to g. Similiirly, there will be o 
presaion np, equalisation p g, s. horiaontal line jr. 
compression rs, fig. 15, while the crank passes over bk, iv^l 
and part of the arc ( a. Tbe points r and h are, however,! 
so very close to the ends of the indicator diagram V 
equalisation may be supposed to take plnce at the end ^ 
the stroke, and instantaneously, and d calcnlated on t 
assumption. This fixes g, which is directly above (2 if 1 
neglect the effect due to the obliquity of the connecting p 
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and if gcb is bisected by uct, the angle of advance is vet. 
Joining bg, we have the mean inside lap cw, which also 
equals the mean outside lap. In order to find the actual 
values for both ends of the valve, allowing for the obliquity 
of the connecting rod, we must proceed as in fig. 16. 
Suppose the crank to the left of the figure ; draw a 6, u t as 
in lag, 15, and mark off m and p, the points of admission, so 
that m b and a p are equal to dn in fig. 15. Draw m g an«i 
p g^ perpendiculars to a 6. Then, as before, c n and c r give 
the laps, neglecting obliquity of the connecting rod ; from 




Fro. 16. 



centres on 6 a produced draw two arc of circles m g^ and pg.. 
Then at the commencement of admission the crank will be 
at c^x ^^^ ^99- Drop perpendiculars gxi^xb^ and f/sria^ 
upon ut ; then the inside lap on the left must be c v^ and 
that on the right cr^, so that admission will cease at ^i and 
a„ but as these points are so near the dead centre, this will 
be of no consequence. The outside laps should have the 
mean value c n, so that discharge will cease exactly at a and 
6. The position of the point d, fig. 15, depends, of course, 
upon the exponent chosen for the expansion curve ; 



n = 1-25 



is a good value. 
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CHAPTER IV. 

■ nn-iso Enqi.vk 



14. Theae are used fi.ir supplj'iug air to blast fnrr 
BeBsemer converters. In the fornaer pressures of haU k 
atmosphere by gauge used to be cuatomary, but now, foUowinf 
American proclJce, we find this is being increased to 20 lb> 
above the atmosphere. Bessemer blowing engines supply 
air at a ptesaure of 1 J to 2 atmospheres by gauge, or 221 ih. 
to 30 lb. 

Blowing engines are of very large size and power i 
uoDsequence of the large tLmouuts of air required. Many 
beam engines are still in use, but modem practice prefen 
the horizontal or vertical direct-acting type, in which each 
of two 8t«aiu pistons drives an air piston by means of ifai 
tail rod. Tlie steam cylindera are therefore in the middle 
the engine, and on the other side of them fi'om that ou which 
are the blowing oyiinders is the crank shaft, which usnallj; 
has two overhung ci-anka, generally set at right angles, wit 
a flywheel between tliem. In vertical engities the blowin| 
cyhndera are at tlie tup. The air valvea are self-acting < 
meohauically controlled, and the steam valves are of maav 
different types, slide, Corliss, and onnical valves being usei 
la old-fiishiouad blowing engineB we find low piston apeeds 
such as !i40 ft. per minute, with 8 ft. stroke, and therefot; 
15 revolutions; liut improvements, especially in the i 
valves, have made speeds of 450 ft, per minute poasilile, ev 
with self-acting valves. Wo ahall first describe a number o 
blast-fnruace blowing engines, and afterwards deal witii the 
Bessemer type. 

1 5. £1 a 'f -furnace Slowing £iiffifu, consOiieled (iff , 
Lamg, BiidapMt, for tkt K&wiUck ■angariiohen Even u 
Stahlwerke, Vajda/iuiigad.* — Figs. 17 and 18 show t 
general arrangement in plan and elevation. There are t 
blowing cylinders of 2,070 mm. (81'6in.) diameter, wUi 
pistons are driven direct from those of the two sta 
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, whose diameten are 735 aad I. ISO m^ t384 
n.), the stroke being 1,250 mm. (53-1 im.); tte an 

slutions per minute ia 40 to S4X vxl t^ **< 
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Tfas &ir is discharged at a pressuFe of le 
pnry, or 7'1 to 9-S5 lb. per square inch, and thi 
disofaft^^ lies between 700 and 900 oabio metres, 




or 24,600 to 31,700 cubic feet per minute. The air pjmp' 
ia horizontal and double acting, lies beneath the tioor, and. 
is driven hy a lever whose upper end is attached to tlia 
guide block of the blowing cylinder piatou rod on the high- 
preeeure engine aide. The air is drawn in throuf^h ( 




ptiBB^^ea in the foundation which . 

chimnej The discharge i 

valves are double beat and "kre irneii by CoUna 

gear fig 19 The high pressure cut-ofl la viried by t 

governor and the Ion pressure b} hand 
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Fig. 20 shows a transverse section uwl tiifl yn-w 'S fhij 
owing cylinders, while (j'j^a. 21 and 22 nhow t|j«- -..-ilw 
lest, and fit^s. 23 and 24 the valve coTistru'rtion, wfji'h m 
8 most interesting j)art of this entriu'?. Fit'. -'J. 'fi th«: 
ft, shows to a reduced scale vi^^ws of tli*; -tj':t;',fi nf. J 
scharge valves, and on the riL'ht two h:iir Ki-r;* ]•,■... tr^. 
)per one that of the suction valve, fiu'l rh«r l'/w«r •fin* •,! 
.e discharge valve. Fig. 24 contriius ;i vi<".v j;«:» ;»«'•.; '■-..: f 
the axis of the valve, while aU»ve uud fi j'lw ;!■• m ••'./• r 
the valve giianls or Btoi»«?. Jn i'.'j. j'j w !,' •.<.• mi-:, v.f 
in plate of steel which forra» tri-r - j:vo:. va ... j' ,i. 
8 mm. ("OSld in.) thick, and h-fs ji.-j '.-rv-r-i:. ..-•.••••^f ,,• 
r4 mm. (9*6 in.), and an iJiz^ni-u 'i.vr*»r*JT • ' .::','••? 
•72 in.). On its left \h the viivfr-v-.^r '::.••• - .' r*^. 
kving two concentric rin:rij of V »»t';t>rj l-^*-". -./ \; ■ < m-; 'p 
le sectioning and vertical line r./ ^'.f: r/r- •.* ••. < ^. .. 
presents the piston at trje erjj o* •»■ *■••■.! i . r 

me idea of the clea ranee spuce 'J ViS • '• •' •• r ■-.. 
.Ive truapl of cast «!fT*e':, rj*:i : f. •-.»:■: -i r>' . » 
ntral bolt; and finally, ^ut^rh k-*r ••»*:: •■•• -^r * . -.,1 
Kl, fig. 24, which are r.y^^^iZ i^* *\* ■ *--. - i ■ . . • 
lard, and at K to the v?i ^«.. ». --.i- • ■. ., 
thont fricrtioiJ. a-jd. * •; *%*: ■■. - ■ : •■ .- . ■.• 
thout shiK-'k- Tjor oa*. > ::*:'•. ,.«•■.*• i*- 
11 V op»en tne vnN-e r.r.-i: r.-*." ■ >• ■ • .• • .. •• . 
oW en rin^r? ou tr-% r ■.:&.-:.. w :.,«.:. *•! »••. r- i 

ntral drawiui: of fi^:. I'-i. fc:j^ v •:,'.' ; •. ■ 
ier t:> leuve ^:ia'.-e 1 »• '.w^ *-rr 
le upier iiiv ' 'if ti .- ■ — j v • ,• ■. .■ 

lard. a? bee- frvri •.:!» je'*. * 

Ive r.»e:rj*; tu:*: ••bei r^fiu -v*;'.. :v ■ , 
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centre, but tho delivery valves, when it is in rapid motiiW 
so that an oil or air ciisliion ia provided by the space betwee^ 
the pl.itos to lessen the shock. Tlie arrows in fia:- 23 shmi 
the direction in whith the air flows through the vulve- Fig. I 
32, on the estreme right, sliows a front elevation of tli« I 
valve seat cover, which, nccordiug to the custom adopwJ ] 
for leather clack vulves, is divided into two uaeqnsl parti, 
one third of the area — the upper part — being for the dehTM] 
valves, and the remainder for the auction. When the engiq 
was conatnicted these, valves were a novelty, and tM 
purchaser required that the valve seat cover should b(H 
constructed that in the event of the valves working una 
fuctorily they might be replaced by ordinary leather e 
valves. In order to provide for this the cover had tol 
made in the complicated grating form shown in the figm 
and a false cylinder flange had to be bolted to the cyhud 
flai)ge, as the valve seat cover took up more room than it won 
have done had provision only to be made for the new ralvfl 
In later designs fewer and la]^ge^ valves are iitted, f' 
number of the auction b€iiig equal to that of the deliv 
valves, the former having a greater stroke. The b 
□umber is nine of each, hnving a diameter one-siith that if 
the cylinder, and the whole of the valve can be cast in one 
piece, as in the BeHSemer blowing engine for the Seschitn 
Ironworks, in South Hungary, and the blast-furnace blowing 
engine for the Aplerbecker works. For long-stroke eugioea 
with high piston speed, and for vertical engines, the valrea 
can be placed in a riuff at the cylinder end, ulthoo^h 
this slightly increases the clearance, which still, hovrever, 
remains much below that usually found wiih self-acting or 
mechanically- control led vnlves. 

It will be noticed that in fig. 21 the valve seat is presaeJ 
into the inner cover by means of the central bolt The 
valve is packed by means of three or four turns of cnn! 
soaked in boiled varnish. Each hand-hole cover has a glass 
window through which the working of the valves can he 
observed. At the top of the same figure will be eeea i 
valve which can be chased when a discharge valve has to be 
withdrawn. To do this it is first necestary to withdraw 
three or four auction valves from the same end of the 
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continually at work, uo repoi'a were required. The 
Bizea of Talvea constructed lire 260, 280, 300, 320, . 
340mm. diameter (10-25, 11-8, 12-6, and 13-4in.), i 
atrokesof 15 to 30 mm. ('59 to liSin.). It is only wt 
tLe presatire ia low that a. V aectiou «i" be given ta 
Viilve seat, and for compressors the form shown in fig. 2 
naed. In order to avoid the neeeasity of uaing a thic 
plate for the vaive there is a third intermediate seat ! 
26 is a plan. The uppier half of each figure showa 
delivery valve, and the lower the auction valve, io each ( 
with the guard removed. 

15, Ji/ael'/urnacc Blowing Engint, comtrvcted by St 
feld, Danek, and Co., of J'rag-KarolmtnthaL— The leadi 
dimenaioua of this engine are :— 

Diameter of high-pressure cylinder 900 mm. (35'4 

Diameter of low-pressure cylinder 1,380 mm. (54'4 

Diameter of both blowing cylinders 1,950 mm. (7G-8 

Stroke 1,400 mm. (55-1 

The Hteam cylinders have Corliss valves, the high-press 
under the control of the governor, the low-pressure cut 
being adjiistabla by hand. As the speed can be vfti 
between 33 and 53 re volution a per laiunte, the Pr 
governor has its lever fitted with two weights, the adji 
ment of which modifies the speed The engine is jet-di 
densing, a double-acting horizontal air pump being pit 
beneath the floor and driven by means of a coupling rod 
bell crauk from the low-pressure crank pin. Its di(unet« 
640 mm. (25-2 in.), and its stroke about 546 mm. (21-5 ' 
The discharge is 650 cubic metres (22,850 cubic feet), 
43 revolutions per minute; 760 cubic metres (26,700 oi 
feet), at 50 revolutions; and 800 cubic metres (28,100 ci 
feet), at 52^ revolutions. The hiiiheat air preaaurfl 
0'7 kg. per square centimetre (nearly 101b. per aqnare in 
and the pressure of the steam at the engine 1 10 lb. 
square inch, and about 18 expansions. 

Fig. 27 shows a aide elevation and fig. 28 a plan of 
blowing cylindera ; the left-hand half of the former is 
outside elevation. The valve gear, being on the further 
of the cylinder, is shown dotted. It conaists of a wrist p 
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bfaarge depends on the pressure in the dischar^'e pipes, 

?-acting Talvea are fitted aboTo the Corlisa dUehar^ 

valves, there being 20 at each bqiI of the cylinder. The 

cylinder ends and cover8 are shown iu figs. 29, 30, and 

31, and a larger view of one of the aelf-*ctiDg valvea m fig. 

32, The Corliss discharge valves close JHst at the end of 
the stroke, so that the space above them is filled with air at 
discharge pressure. The self-acting valves cousequentlj 
retom to their aeats quietly, and this all the more ho 
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alf-aotuig valves nB»i ttot close rttpirtlyi 
" ft little more tkin one stroke to do 
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The Corliss val'vea are shown in plan in fig. 28. 
aectiou uf the suction Corlies valve opening is 2,100 aq. 
(326 sq. in.), that of the discharge valve is 1,800 aq. 
(279 sq. iu.), that of SO self-acting valves 2,-150 sq. < 





FIS. !1. 

(380 sq. in.), aud thnt of the blowing cj-linder 29,515 s<, 
(4,570 aq. in.). The corresponding ratios are — 1 : h 
I : I6'i, and I : 12. The eorreapondiug velocities at 3 
rovolntioiis are 21'6ni. per second (70 '7 5 ft. per second 




25-3 m. per second (83 ft. per second), and 18-6 m. pM 
second (60'6fC. per second); at 53 revolutiona, the highetf 
speed, these become 34-6, 40'5, and 29-6 m, per second 
(113, 132-6, and 97 ft. per second). The correaponding' 
piston speeds are 303 ft. and 486 ft. per minute. The air n 
drawn into the cylinders from a. passage beneath. Tblt 
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connections with the discharge pipe are not shown in the 
figures. Figs. 29 and 30 show that the discharge valves 
are easily accessible through a number of hand holes above 
them. Fig. 33 is a section through the blowing piston, 
which is of cast steel. 

The engines were tested by Prof. E. Hermann, on August 
20 th, 1897, before the engines were connected to the blast 
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Fig. 35. 

furnaces, the pressure of the discharge being raised by 
throttle valves in the discharge passages. The experiments 
gave the following results : — 

Horse power of H.P. cylinder (chevaux vapeur) .... 304*91. 

Horse power of L.P. cylinder (chevaux vapeur) 333*01. 

Total horse power (chevaux vapeur) 637 '92. 

Blowing cylinder, horse power (chevaux vapeur) ... 547*08. 

Mechanical efficiency, per cent 85*75. 

Steam per horse power hour 15*2 lb. 



w»ervft=i: lie *E;£zi«t "r-ir* ir v ri 7*1.- '^^ - ;— — - 

'^I^WJ of ffij* :f lilr SIiriiJL ina-stj^t:* ul.1 "Icr ".— r : -_-r 

r^^ lover iiiizrkzi!* iiiT* ^ -rt*?!.- --5?::'^"-r :r"=-=-ii-T 
^^Ib. per ^zp^rt iiiiii- *: Trnr -iik ^^x-j-kHx-.-^ j. - _- --r-. .1 

^^d give a tcTil t:rfri.-*E.<7 

*5a. Bliut F^rma:^ h.'^rnvf? E%:'.fi ■ ^.r-fr^. t .;> 

^Oos of this ecgiae *r* : — 

Diameter of each szekZL, rfz-: i*?-. . . 1 . 1 !•'. 11.1:. * . • jl 
Diameter of each u>-«ir^ rjl: J irr « '.'•'. ii.v_ rl-l .- 
Stroke - ^.'l 1111. '1 r ._ 



The independent cor^itrnyr-g: ei:^li-E:. :li.i-^i >::.->t*.-. -.^i 
floor, Las the foUoving Iea.iir.i: iin*!^. . l.* — 

Diameter of steam ctIih i-er t '•! ::. :.„ " ' ' -. 

Air pump cyhnder dian-rtirr -:'■' :r.:i, 1. '..' .-. 

Stroke •:••, :i.il- J.'z .:.. 

The boiler pressare is 6«j iU, wiiL i o.r it 12 >rr ->^r.*, 
of the stroke; the difecbarge. at SO r^T-.I ;t:-.i.* per rr.ir.-^r;;. 
is 900 cubic metres or 31,70«1» c-ib:c f*:et of 4:r i^r rf,::,'jr'r of 
free air, which is delirercd at a prtrs-ure 'f ^I'^tLs of arj 
atmosphere, or 5'8^$ lb. per square inch. The fepecd can \^^: 
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■ween 16 and 38 revolutions per minute by a 
the load of the governor. The meuhmiiual 
raa found to be 86 per cent, and the pressure 0'46 
oi an atmosphere at 35 revolntions jwr minute, at which 
speed the eagioe rau very quietly. 
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pasaagaa, mid the throttle -valve, by means of which the 
cylinder may be cut off from the pressure pipes ; au end 
view, looking from the steam oylinderB ; and an elevation, 
partly in section, of the whole eugioe. 

As shown in fig. 38, one-third of the area of the cylinder 
end contains the delivery valves, and two-thirds the sTiction. 
They are ail of leather, each is faafeued in the middle by 
three screws, and each covers 6 or 10 paaaages ; there are 24 
auction valves at each end and 12 delivery, 'Die two upper 




aeotiona are, of oourae, separated by liba from tlie four lower, 
and the area of the discharge vaivea is one-eighth that of the 
cylinder, while that of the auction ia one-fifth. 

Fig. 36 shows that the engine is aupported hj two fiinnel- 
shaped castings, through which the air flows from n passage 
in the foundation, bo that the air may reach the engine as 
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p**! u possible. We may note here that this <!«■ ti'^t 
"■fluence the work per stroke, which depends on the volame 
^ tir drawD in, but it directly affects the wei^'ht 'if »ir 
delJTered, which is, of coarse, uf imp irtauce iti a bJ'iH-iiig 
Wgine, The speed of the engine is contrcille'] by vsryin:^ 
tie eipansioo, the valves, of which tliure are f'jur, l^eiiig 
drivBD by eccentrics on a pair of side Hbafts. 

16. Blait-furnace Blowijiy ETtgim hy Mtifr: Srlineidfr 
and Company, CreusOl.* — Figs. 41 and 42 itliow u Jmriwiital 




lowing engine with one steam cylinder 750 mm. (29'53 in.) 
iameter, and one blowing cylinder 1,770 mm. (Ca-69 in.) 
iameter, with a stroke of 1,400 mnL (55'13iu.). The 
team cylinder has Corliss valves, and the blowing cylinder 
mall metal valves, the discs of which arc fitted with light 
losing springs. These discs are of special steel made ai 
Ireusdt, have considerable durability, and can lie Kmiiy 
eplaced. The inlet valvea are aminged on the lower half 
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of the air cylinder, and the outlet on the upper half, figs. 43 
and 44. The former figure showB a seotiou, and the latter 
an end view of the ejlinUer. There are 150 iulet valves 
each eud, giving an area of 2 "969 square feet, and 180 outlet 
valves, whose area ia 3'56 square feet. As the eflective 
section of the c^liuder ia 26-39 square feet, these • 
0-112& and 0'135 of the cylinder area. The wei^'ht of tha 
flywheel ia 11 tons, the indicated horae power 37b, aud that 
of the air cylinders 286, giving a mechanical effiLiency of 




i 



r6'25 per cent. The blowing cylinder is connected to| 
reservoir, common to six machines, from which the servi 
mains are taken that diatribnte the cold air to Cowfl 
heating stoves. Eacb engine can be isolated from ' 
reaervoira by means of valves placed upon the upper ei 
of the presanre chamber. Indicator diagrams are givenS 
6ga. 45 and 46. The ratio of the mean atmospheq 
pressure and the absolute pressure to which the ait i 
compressed is 

29'92 + 11-81 41-73 , , , 

'■ = 29-92 = 2-9^92 = ^ * '""''^^- 

The volumetric efficiency ia 98 per cent, disregarding t 
fact that the auction pressure is lesa than that of i 
atmo3])heTe. The ideal horse power with 50 revolutiooa J 
minute ia 
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The air eflBciency is therefore 

261 



>/.» = — , = 90*6 per cent, 

but the total efficiency is 

261 ao 
Vi = o^ ^-' 69 per cent. 

Fig. 47 shows the governor,* which controls both speed 
and pressure. A is the speed governor, which acts on a 
sleeve in the usual way, and lowers or raises the lever 
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Air fNmut 30%> of Mmxury o'406 
Fio. 46. — Diagrams from Air Cylinder. 



beneath it, whose fulcrum is slightly to the left of its axis. 
A vertical arm, which has attached to its upper end a 
connecting link, acts by means of this upon the trip cam of 
the Corliss valve motion. But the horizontal lever is also 
acted on by the air piston B, the weight E, and the adjust- 
ment spring F. Air pressure acts on the under side of B, 
so that when the pressure is in excess of a certain desired 
quantity the lever is raised, and the cut off in the steam 
cylinder takes place sooner. C is an oil brake to destroy 
oscillations, and D is the governor weight. The maximum 
engine speed is 54 revolutions, and the variation of pressure 
does not amount to '39 in. of mercury above or below the 
normaL' 



* Appareils de Oompression d'Alr, from the Bulletin de la Soci6t6 de I'lnduBtrie 
Hin6rale, Tdme VII. 



) BiaWIKG KKGUfES. 



17. Deliver!/ Valit* eo/ulmcted by the GuUkoffnvafftAuttr, 
Oberhatistn a. d. Jlahr. — Fig, 48 is one of the deliveTj 



valves for a 500 horae power blaat-funiace blowing engiD& J 
A portion of the piston ia eiiown at the end of the stroke, J 
and the valye ia oloaed. An indiarubber cushion, fixed ( 
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tne puTOO, is pressing the valvo iit^aiiiMt tlitt vulvi Ihji 
vhiofa is belli dowu by a HpirnI «|iritiK. uu'l thu vaUn ) 
cloaiiig tbe delivery paswif^uH l)y itn Jur^^'^r |ii«l>>ri, 
diameter is -65 mm., or lO'lfiiii. VViniii iltir (uiii'iti i 
the Tslre remaios in the ii(iHiti<m nU-ivmi, Ihhmh. 
I^esaitre on the inside is Iohh tlmii timtott tjm uuici'lir^ 
comes on tbe under side of tiio [ti»t"ii tiir'»i;fti tin 
a the valve boi. Wliuii, liowovur, l.h<i |iiri/>(i ; 




and the pressure s^u ri<M%, tf^*: : ' 
on tbe inside »nd O'll^'A': -A •:*>: ' 
ar«A, vboiM! i-futer diii'M«t<>rr it ^v^ ; 
7'1 in., forces it «pMj *^u 'is.:.'. .*. 
at tbe end oT tht str'Ae. Tf*% v.f.-r.-- 
•r 1 -02 iit BesswBtr W'/w^t.^ wj;f -j 
Tslres. 
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18. Blasl-fumaee Bloteinff £nginf Cylinder, coa 
by the Gu1ehofnnng»kime.~~T\^. 49, 50, and 51 show fl| 
cover of a blowing cjlinder, whose diameter is 1,300 B 




(51 '2 in.), and stroke 750 mm. (29-5 in.) Fig. 49 ia 
elevation, fig. 60 an end elevation looking from the 
and oa'tbe right a sectional elevation through the axi8| 
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passing through the centre of one of the upper valve seats. 
Fig. 51, on the left-hand side of the upper view, is a sectional 
elevation by a plane perpendicular to the axis of the cylinder 
and passing tbrough the axis of the Corliss suction-valve 
chest. The right half of the upper view is an outside eleva 



Fig. 53> 



_- j: 




Fio. 54. 




Fio. 66. 

tion; the left half of the lower view is a sectional pis 
through the axis of the suction-valve chest, and the rig) 
half is taken through the centre of the lowest dischar^ 
valve. The other cover diflFers in nothing of important 
from this. 

A. discharge valve is shown in fig. 52, and has a diamet< 
of 160 mm. (6*3 in.). Tlie action of this valve is the san 
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■a thmt ilMMm in fig. 4S, the fistoa ei<xang it at the end 
the stroke. Tbe genefal tlu^sess sf the oorer b 35mB 
(I-^ m.>. of tbe top and IxittciBi fUnaes iO mm. (l-SSin-l 
uxl of the Baage «NineetiDg it to tbe cylinder 45 nB 
<l-77in.), vfaile that of tbe end is 5a mm. (2-17 in.). F^ 
53, 'ii, &nd 55 ^ov the CTlinder, wboae thickneH : 
35 mm., and that of the flaage 45 mm. The fscing fortb 
wrist-plate iwackel is shown in fig. 53- 

19. Blofl /"nm-ior ^oicuff fi»^r'a«' fitlrv<tr<i hj (I 
/•r.>JnVA-iri/AW«M EtiHe, ■.f'Maklk'xm a.rf. A'i.*r.— Fig. S 
ahown a tr^naTcrae section through put, of the cTlioder of 
large blowing engine, and fig. 57 a front etevatioa, parti; i 
section. The diameter is 2,-200 mm. (86-6 in.) and * 
stroke 59-1 in. The admission Talves are of the 
type, which are oscillated bj means of levers, conn* 
links, and a wrist plate driTen bv an eccentric, which 
100 deg. behind the crank. The diameter of the vsl' 
ia 400 Kim { 1 5 j in.), and it is double ported, with 
of about IJ mm. (06 in.). The lever that actuates the »»1' 
is 350 mm., and it is set at about 63 deg. to the vertii 
when tbe wrist plate is in its middle position. The TSl 
oscillates through an angle of 40^ deg., but of this OB 
8 dog. are traversed while the valre is closed and there 
auy pressure npon it. At admission the augular veloott/ 
the Talve is aeven-tentfas of that of the wrist plate. Tbti 
leugth of the connecting link con be adjnsted. The TftlvS 
diagram is shown below the wrist plate, the shaded p« " 
referring to the period during which the ralve is open. Tl 
diameter of this circle that represeuta the piston stroke 
inclined at 10 deg. to the vertical, and projected from 
on the right is the indicator diagram. It will be seen 
tijo admiaaiou commenoes shortly after the commeuoeu 
of the stroke, wlieu espanaion from the clearance hag enc 
and tbe passage is again closed very soou after the 
the stroke. The compression is to aeveu-teuths of 
atmoBphere. The wrist plate oscillates through an angle 
65 deg., the aruiB that drive the connecting links bei 
420 mm. (16iin.), aud that actuated by the eccentric 
300 mm. (ll'Sin.), the throw of the eccentric — i.e., 
eccentricity — being 160 mm. (6'3 iu.). The discharge va 



IK footed in the apper hilif ;^ -i* 17-111 
wt ahom in place in £z&. M kci: 57. 

Kg. S8 ia k secdonal i-^TKL-x. diriii^r 
59 mother transvene k- the xiia. "Sfi ri.— ■ 
«ra, the left a «ertMn thr:Ji2i :i..f tat: 
wt The Talve ia of k«- "i-* *=^Crf' 
leSmm. (6-54 in.), ani ia :i»rKr Ui =^ 




- ._ tbe drawing, baring been pushed a^^ir^st the 
pl^te of wrought iron, 8 mm. thick, b_v the piaton at the 
'■''1 of its stroke. Thia plate ia preventei from mr-rir.t: to 
"w left by tbe rii» between the passages in the valve seat, 
*!*1 it is preBBed agtuust them by the spiral spring, which 
P*«8 way when the valve ia pushed against the plate. The 
?pfiDg is of 1 1 mm. diameter, and the diameter of its coil 
J' 200 mm. The passages in the valve seat are 35 mm. 
(I'SSio.) wide, and the valve moving to the left opens them 
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fully. Once closed the -ralve is kept in that pomtian, 
because the pressure in the cylinder is less than that in t3xe 
valve chest directly the piston commences its return stroke. 
The latter pressure enters the cylindrical valve seat by 
means of the holes countersunk on the outside, and, acting 
on the annular area of the valve, forces it to the right. 




Fio. 59. 



In order to cushion the valve when opening, these holes can 
be closed, if necessary, by screws, so as to throttle the out- 
flow of the air. As soon as the pressure in the cylinder 
becomes slightly greater than that in the valve chest the 
valve is forced to the left, and the passages opened. The 
spring is kept in place by the casting, which also forms the 
cover. 

20. Blast-furnace Blovring Engine, constructed hy Messrs* 
Breiffeld, Danek, and Co., of Prag-KarolinenthaL — Figs. 
60, 61, and 62 show this engine in side elevation, front 
elevation, and plan. It was constructed for the Wilkowita 
Ironworks, and is a compound-condensing engine^ having 
steam cylinders 1,500 and 2,000 mm. (69*1 and 78'7 ia) 
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diameter, with bloirin^ cvliuders 2.400 i 
diameter, and stroke 1,300 mm. (or^.iiu. i. 
45 to 65 revolutions, the Ix>iler pressure 13: 




^®et) per m nute a d the n mber of i ci t,6 1 as e. ch 
'blinder end 16, The arningemeiit of the ongme m poaiilinr, 
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but it c*:rLb:&es the aaTicta^es of xertieal mnd horimiits 
eij£rine«. Each steim cvliniier drives a blovic^r CTlinder 1 
a lerer tieneath it. cz. 60, vhile the xh:id ann of this kr^ 
is couple»i to the (»iicertinj r-:*!, vhich drives a crank. Tl 
shaft carries a rivwhecl in the middle, vhooe diameter 
6,030 mm. i 237 in. , the ra-lial width of rim 400 mr 
n5Jia. ». and l-rea-ith 235 mm. <9-65io. •. The distant 
between the ceiitres of the steam cvlinders is 3,800 mxi 
(149*5 in.;, and ViCtween each steam cvlinderand the blowix: 
cylinder that it drives. 2,900 mm. 1 1 14 in. ) The a'r pump 
to the right of the engine, and is driven bv an overhuxJ 
crank and oscillatin;i lever a*' the end of the crank shif 
One of the dischnr^e viilves is shown in fig. 63. In a fi>* 
hours* test the mean speed was 44 J revolutions very nearly 
the steam horse power 1576*85, and that of the blowiiJ 
cylinders 1517*31, giving a mechanical efficiency of 96'f2 
per cent. The steam used per horse power hour was 15*1 1^ 
Unfortunately the pressure of the air is not given, and ^ 
cannot, therefore, find the total efficiency of the engine. 

21. oOO JJorst: Vowtr DouUf-actinff KHrting Ga* £ngir 
and Blowing Ci/linder^ constructed hv thtr Sfegfner Maschwes 
bau ActitnGeselhchaft. — The principal dimensions of th 
engine are : — 

Motor cylinder diameter, 635 mm. (26*87 in.) 
Stroke, 1,100 mm. (43 31 in.) 
Blowing cylinder diameter, 1,750 mm. (69 in.) 
Air pump diameter, 690 mm. (27*2 in.) 
Gas pump diameter, 750 mm, (29*5 in.) 
Stroke (about) 820 mm. (32*3 in.) 

Mechanically controlled Corliss valves are used fo 
admission of air to the blowing cylinder, the air entering a 
usual by a passage in the foundations. The discbarge valve 
are of the Riedler-Stnmpf type, which are closed by th 
piston, but are oj^ened by the pressure of air in the cyliudei 
Fig. G4 is a sectional elevation, and fig. 65 a complete plan ( 
the blowing cylinder. Owing to the fact that the gasc 
from blast furnaces can now be employed to more advanta^ 
in driving gas engines than in burning them in boilers, tt 
construction of the Korting gas engine, which is doub 







these beioff driren by a crank on the end of the « 
shaft. Au eccentric between the cnmk and the bei 
s the slide ralres of these cylinders, « bile the aiimii 
Talres £, flgs. 67 and 6S, are driven by cams on a side I 
ntnuing at the same speed as the engine. There i 
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charge being miied with the residues of the previotia atrol 
ao that ilaiigeroua pre-lgnitionB are avoided. The pumps i 
not cnmpresB the charge, but only force it into the oylindi 
dehveriiig to the admission valve through aepnrate obanno 
whiub are nither latig, the gas aud air being stored iu ths 
chaunela. 

It 18 evident that snch of the two gasea will e 
cjlioder first which fills the cbanoela iu the in: 
neighbourhood of the admission valve at the moment whi 
the valve is opened. Due to the setting of the slide valT 
of the air pumps separately, and at different angles ' 
eccentric, the air pump takea in and diacharges 
volume in the usual way, but in the gas pump the opeui) 
and closing of the v&lves only takes plate after part of 
Btroke, During about the first half of its disoharge atrol 
the gaa taken into the pump cylinder is paeaed back to ( 
suction chamber which ia in communicntioa with it Oi 
during the last half of the discharge Btr^^ke tbe work ot 
gas pump actually begius, when connection between t 
suction and pressure cha,mbera is closed. Tbe gas pan 
then discharges at once to its full capacity for the remaiod 
ot its stroke. The air pump compresses the air contain 
in the cylinder from the commencement of the dischu 
atroke, and ao iiir always enters the power cylinder ahead 
the mixture of air and gas, and will always be found betwfl 
the burnt and explosive cbarges. 

It must be understood that the combustible mixture 
gas and air is only formed at tbe exact moment of 
entrance in the cylinder at E. The pure air entering fii 
into the power cylinder does not mix with the combuatH 
mixture on account of the special arrangement of the in 
bend. Tbe charge is not diluted, and even a small chiu 
cau be ignited and burnt. The composition of the mixti 
of gas and air remains constant, the governor regulating t 
volume of the mixture, according to the power required; 
each stroke. The regulation can be effected iu two i 

1. The moment when the gas pump begius to dischal 
may be retarded, i.e., the connection between tbe preaai 
chamber of the gas pump and tbe auction chamber rem 
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^P^n for a loDirer T«rrl>i : z'ziz i>!"^Lrrr _r:. *i»f -• ver 
cylinder 



commencmj- later, ltji il 



P* the mixture reinaiiiini: ilw^j^ --•- •=—- Tl ? 7-f-:t^i.i..L 

'S obtained by goTemini: tLe r^-* sIjIt t-"t r.:: .tr *.: -ir 

ffoverniDg of a locomiriTe. i ii.-rTi>: vi_l:i _* l_«^. ^i.::Ti 
ft>r blowing engines. 

2. The second aiTange3:«r:-t :? i—iz ^ :-:Lijr.T_-.j .l;.i----=^ 
18 formed between the pre5*:ire ::Lii--er ::' '.Li j--- p -L-v 
a-nd the suction chaml^r. i::-r ir-a ::' "r:._:i ^i ::•!:--: i-r 
closed more or less bv a ilrinl* t^I-- .ttrriT--: "t ti.- 
gOTemor. The discharge of tL-= p -^y tLTi. rE:L-i_;_<; :-::l- 
stant, but when this cLannel is p«i^-7 .T'rr-e-:. *.:::.■= .: tie 
gw from the pressure cbann-rl r^t-m^ ;-t.. ti.-r s":*::.! 
chamber during the suction strck-E^. i-i ir. tie -i:::^ rr:r-.r- 
tionthe gas is replaced in the ire*«-re cLiLi-eZ :.t i-::rr ifr 
from the air pump. When the a^iinissiii. T?/.Tr t> the p.Ter 
cylinder opens, more pure air :« ■vii:L:tt'E-:. fiiliTri ":.v *: 
^uch less combustible mixture. icooriiL.^ tj the v:l-^iLe .f 
l?*8 pressed back in the channel, the -^a^ I'l— 1 Litilz r.rat 
*<> replice this volume before the con. bii« title r:Jxture cfiLi 
be formed. The governor, therefore, rejilates the volume 
^^ gas passing back through the channeL ani the Vi-lurne -.f 
8*8 replaced by air. The amount of mixture formei there- 
"^^ depends upon the extent (f 0T»euiiig of the throttle 
y**ve, according to the position of the L'^'vernor. and s«« any 
^termediate output between full and no loa«l can be 
^btained. The closing of the admission valves E is ertected 
"ya spring. The charge is ijroitel by mitirnetic inductors, 
*^d in order to secure a regular igniti«m of a cbarjre which 
I Wat one time large and at another small, several igniters are 
I provided for viz., four — two at each side of the cylinder, 
[ ^^e close to the inlet valve, the other one near the end of 
^® piston in stroke. The inductors are operated by a small 
f^PWate shaft which is driven by jjears from the main shaft, 
"7 shifting which the moment of ignition can be accelerated 
®^ delayed according: to the gas used without having to 
^^p the engine. When starting the engine it is further 
P^ible to arrange for the ignition not to take place till 
*|ter the dead point which insures the engine starting very 
Slowly without risk of too early ignition. The engine i» 
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started by an tudependeat cotnpreased air arnitigemeDt, ] 
engiuea directly coupled with blowing cylinderB a 
of about 1501b. ia sufficient; for other eogin 
to 1201b. ia enough. Thia is of course of the | 
importnnce, as the pressure of tbe compressed e ' 
enceeds that of the compression with which the ei^;ini 
works, viz., from 150 lb. to 180 lb. It is therefore absolutelj 
impoasible fur the oonipresaed air to get into the jiowe 
cylinder when the piston is near its dead point, where tt» 
compression of the charge is at ita highest and 'he ignitioJ 
takes place. There ia therefore no chance of the ignitiv 
beiog delayed or failing altogether. The compressed air i 
distributed by a slide vilve, similar to th<iie used in stes.! 
engines, to the left aud right hand side of the cyliudeK 
two cylinder volumes of air are generally sufficient to sto-i 
the engine easily. The starting arrangement itself consist 
of a small compressor with air vessel, driven preferably b 
electro- motor. In engines working with a high compressio 
of the charge before ita ignition, it ia of tbe greataat impor 
anoe to cool the charge, ao as to avoid both too hig 
compression and too high temperature of combustion. Tb 
surface of the oombuation chamlier is therefore enliu-<ied h 
ribs or by special pockets through which water circulatfi* 
The piston is cooled by water entering through the holloi 
piston rod, and water also circulates round tbe glands of tbi 
valve boses. In keeping the piston cooler than the oylindei 
itself, the expansion of the former is kept within reaaonaWe 
limits, and a satisfdctory working of the engine is aaaurod. 
The cylinder is provided with oil drain valves, acting at tlie 
same time aa safety valves. The interior of the cylinder Ib 
kept free from any incriiatation. No oil crusts will be 
found near the exhaust slots, aa the burnt charge is driven 
out with considerable force alternately from the right an^ 
left side. 1'he great advantage of such an arrangement li 
obvious, considering that in all engines eibansting only fwK 
one aide early ignitions and esplosiona are frequent Tht 
low temi)erature of the piston also prevents the evaporatJoC 
of the oil at the edges of the slots. The advantagea claimed 
for this tjpe of gas engine are smallneas of size, as steady 
running as in a steam engine, absence of exhaust vah»B 
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of free ignition, and the fact that the mixture ot* 
gases takes place only at the inlet valve. Fig. 69 shows six 
indicator diagrams from an engine the diameter of wh(jse 
pi8toni8 29|m., stroke 51 i in. 
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Fig. (9. 
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Mean effective ])rfSMirf 
= 039 lb. per 8«i. ill. 



-2. Vertical Blast-furnace Blowing Engine^ conntrnvte^l hij 
j^ Middmchen Maschinenbaic-Gesellsc/iaft in Mnlhanarn* 
^*Us engine is cross compound and condensing, with cranks 
Jj' right angles, the blowing cylinders being above the ste;ini. 
^he leadiug dimensions are as follow : — 

Diameter of H.P. cylinder 1,200 mm. (4725 in.) 

Diameter of L.P. cylinder 1,870 mm. (736 in.) 

Diameter of blowing cylinders.. 2,000 mm. (787 in.) 

Stroke 1,500 mm. (59-1 in.) 

Revolutions 25 to 50. 

*^ch steam cylinder is carried by a pair of Ixirod fnimcH, 
fjipported by a cast-iron bed plate, figs. 70, 71. 'i'ln; 
y^^gs are lined with white metal, and the dijuneter of tin? 
journals is 520 mm. (20*5 in.), their length being SlO mm. 



* Stahl und Eisen, June 15th, IbO'J. 



Mbn^bL TbAri^tialMUow.udtlBH 

00 miD. (3-M in.). The Sfwheel has a dim 
or6tiietres(236i(i.),and wB^ta&bovt 3G toD£. The si 
^liuden hare Corlias valvM^ which can cot off benteoi- 
and 60 per emat of tbe stivke. The goreniar oontrok 1^^^ 
cttt-off ia both ejUadera, in order to equalise their { 




The ateam cjlinders and their ends are jacketed. All f« 
pistoDS are of cast steel, and have packing rioga in t 
parts. The en^iae can, if necessary, be started by admittil 
steam direct to the low-pressure cyliDder. The dUtU) 
pieces between steam and blowing cylinders are arrailged 
allow access to the atuffiog lioies. It will be seen i 
70, 71, that the steam piston, with cylinder covt 
blowing cylinder bottom, can be drawu upwards through f 
latter cylinder, or, by taking off the covers, the pistons c 
be examined. In figs. 72—75 are shown the blowing ttyUm 



iS 'lives to a Jitrger acale. Theae valves permit of bigh 
n speeda without leBsening the volumetria effiuiency by 
I increaae of the clearaoca ; they are also easily accessible 
•ad removable. Suction valves are ahown in fig. 73, and 
fig. 75. Aa seen iu fig. 74, about a third of the 
Wfcumfereuce is given up to the discharge and the remiinder 
^ the auotioa valves. They consist of diaca A of ateel plate 
"PWi a. ceatral spindle B, which is fitted io n cast-iron frame 
"tich haa the croaa seeLion shown at S S, nni fonna the 
^Val»e seats. Each fraoie haa four spindlea^-see the left of 

fig. 7i — and each spindle carries five valves. Above each 
Valve is a spiral apring K, which reata upon the valve 
beneath, and fits into a hollow space iu the seat above. Each 
frame ia held in place by a metal ring E, which is fastened 
by screwa F F. The wear of valves and spindles is small, 
repairs are eaally effected, and a high speed is posaible owing 
to the small stroke of the valvea. The piatou area ia T^ 
times the suotiou-valve area, and 12^ times that of the dis- 
charge. At 50 revolutiona the velocity through the auction 
valves is 19 m. (62'2ft.) per second, and 31 m. {101-5 ft.) 

t second through the discharge valves. 
Sac 
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23. Ttrtical Contpou'id BlmuiKg En^nt, cnnitruettd fty 
I tht LUliahall Company, of Oakenjale*, Shmpthirt, for the 
"■'" L-f Woris. — Tliia aLigioo is of the componnd vvrtiuitl 




^fpe, the blowJDg cyliuden lieiflg wAnire tlie ntcani. The 
team premnre is 100 Ik, Uie air preiMure lOIb. to 151b. 
iTBcjaare incb, and the; will deliver at ia revotutiona, tbeir 
* speed, 41,500 cotnc feet of vt per lainnte. Tbajr 
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n at 60 revolutions. The steam cylindeifl 
are 4!i in. auij 71) in. diameter, while the blowing cylinders U 
95 in., with a atroke of 5 ft The Bteam-valve gear is of th 
Corliss type, there being two eccentrics, one for workii^ tt 
steam and the other the exhaust, for each cylinder. '" 
air pump is single-itctiDg, 38 in. diameter and 36 in. ati 
and is driven from the low-pressure piston rod by lever a 
links. The crank shaft is of forged steel, the pins b " 
cast in one with the crauka, and having a diameter k 




length of 13 in. The crank journals are 18 in. diameter and 
30 in. long ; the budy of the shaft is 19i in. diameter and the 
flywheel seat 21iin. The flywheel is 20 ft diameter and 
weighs about 40 tons. The engine is specially interesting, be- 
cause of the valve gear of the blowing cylinders, which e 
ables it to run at such a high speed. The inlet valves a 
Kennedy's patent, and the discbarge lleynolds'. The manner 
in which they are worked is shown in figs, 76 and 77, 
which we are indebted to the Lillieshall Company. In tha 
latter, D ia a lever pivoted near the lower end of the cylinder 
and oscillated by an eccentric on the cmnk abaft. A connect- 
ing rod transmits its motion to the right end of the lever B, 
whose shaft operates the lever A that works Kennedy's 
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tlevat:.- "rin-iji. "_ijr _ v-'.-rt-r'-rt -~-.— ... . -■ "- = 
blowing '--tIiz. i^r*. Ti- ti-e^z- :""—_.:" .• . t tii " -^^ 
cylin-ier. -iH -i:Lz*Til u^-zj-ri.ri-- T-i __:--.•; . *:: 
steam cvl::ii-rr5 irr -r* 11. L^i "t :. ..: "— >t ." ". :: 
blowing cvlin irr-i ^t iz. Tif ^^r.-r .? * ■= .. *-t ^-':::>': 
possible witL "lir TTrr '_i:.-rL ir^i: " :i: rij. .=-:.->: 
Had it not fc-cri: f.rtii- - *t".£t .: . :: ...i :-'. .•:""-- 
preferreri. The steiz: :Tl:iiTr? ijrf ■.:--:-.= ■. :.: :- - - •• 
blast, but 1510. cr\:: ": e .::... z r i : : z r ■ . -. >>.'wt r. : r. =* > : c .•; •.:'- 
pressure being 75 lb. TLe ni.-Ji:— .:zi *;. f -. ". :? " . r. v , '. .::...'.*. 
and the capacity of the CTli'-iiers :< :l-:: S-i/'oJ .*■.::.• uv: 
of air per minute. Bciih bi/a :r-.l l.-'V ; r. ^^s-.'.ri- v*v>.:K;ors 
have piston valves with internal exixiiisiv :i y;\".yos ; i:u* hij^h 
pressure cylinder has one and the Iv^v-^ressuro T\>o y:\1\i*:<, 
all of the same size. The expansion valves are avljustal^lo 
by hand from the level of tlio floor. Tho steaiw pistons aro 
conical, and are fitted with Mather and riatt*s paokiiiu: rin^N 
and springs. The air pistons are fitted with junk rini»rt and 
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an improTBd form of metallic packing. The ulearM 
little more thnn 3'6 per cent of the cylinder volumt^ f 
iB very good couaidering the compsiratively short ij 




The inlet valves aro on the cylinder cnda, and the diaoj 
valves are arranged circumferentially round the top' 
bottom of the cylinders. The valves are of leatfaeig 



of leathaiig 
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the area throngh the iii^et vilre- .* i '..z'.'.-: :_ r- "La.-. .r,> 
fifth of the cylinder are&, &j th^: t:.- - ..i. . - . \r t>--. -_-r.-.r.v 
owncidea with the atm«j3iLer.c. Tir .r^\i --*••: .i .' ••>-. . 
with a diameter of 1'* iiL : tb-r .r^ii- i.--r 1 - . Lrx . y ". ^ ^ 
that the engine can be stanei :- ^7 >.- -...:_ i^" .: ::...; •-- 
'finaarked here that Ein lirr^njKLTL': r_.- he 1:. • ^- ^-r^e t 
Qi<>re uniform turning n-oii-r-t, ii ! 'i-r'-if r-r *. . ,'*_*t' 'v 
wheel can be used. The weiji: .: •.lt f;"T-_^- - ':' •-. • -. 
and ita diameter 16 fL 

25. V€riical Bl'.-wm^ ^\7i^'n ■. • - ■ *-,'"• --'-'- T.- 
oO, 81, for which we ire :i;i-7'*.-r: ". 1*1 rt*.--. .'-'?.*• v -V.» . 
^iiow a front and two sii-r el-rvi: .._* .:' •:-_,- t-.j •^:: '■: »..•; 
built for the Acklan W.rtr .•: -.-r >''.-:■ >l..-"jerL Si>*. 
Company, and another i« - •.-'.•ir-H: .f •..--•.:•... -.ir- 'J''^ 
ateam cvlinders are ab "e li.*: •» . • . ■» :_^' v •- .^nrrr. •'_••. 
fomer having dhkuue'er^ A 4t ::_ ..jd >. r-. "i*'. -a*.:^' >.- ^^• 
90 in. diameter. The Kr/ce i* 7i' .l At '■ . r-. '• .-! . '.^ -»iit. TV •. . 
steam presaore, and 10 l*. t a'.- _-.::- 'Lt t:jj: •-.•. v Jl ■;•.-. :\t»- 
50,000 cubic feet of air i»?r n-ii ■-•.*: > .•« .■.■::#•.••..«.-. t-;. !vr 
a steam pressure c«f IC'l*. tii". s. 'j'.Tr -•?;•'.•• j?. r-* -..••^vh^t ■.•* 
blast pressure. Ai iLl- : ret t ■._••= : v . .ij ..,■.€.:* i.^j. *i^^^K 
power. 

The steam cTlii.d*frs t.r*: it*.--., v :• s.'-..-'.- .-••.••■'■. • .t .^t 
valves, the cut-off beiui' ooL'r.'!!--? vv i. i .^: r>.-t\: e*;";: j 
governor, wh ich is ir: vr i r.' v izi ■.•: 1 .» : ^* •:? ; . ? '-!».. ^ ;.•..•..• . .■ * 
the engine can l* rer "i-"^^ - - ■" -. •.. '•. •''.•v.'i'..'.i.«"_it '..mt 
minute bv inisans of h rsuiiLl. lii/j. v ii-.-.. .. k-::^-.*! |J.^.::•.■.^ 
the ratio of gear betw»jeii tri- -r-::^ u- •.■•.. :.r ^•.<.*•. u-i.. :•.<. 
governor. As showu :l fig. ^. rfi»v:^ -.-x :ii. .•.•»■ llll^ : \» .• t^.ti-;. 
tries. One of these dr: vet iij% tMiu-.is: ^i. \..-!r i-v ii.fu'.it .•' 

■ 

a ^-rist plate, and the other ti'-'Jiam^^t \uy i-tc^uiL vt..\i. J !l.^ 
perm its of a cut-c>i!" froiL. t-t j t 'je;: : : : u : ! . ^' : .• : ku r v ■ : . t c ^ « 0. ■.«* 
the stroke, which ie ijc»t ;o^«<.^■l•: v !i».i -.tu \ '.nit ^-cMijTr.c 
drives both vklves. Trie !.»;iet::!i;; ii:i-.: •.•i.»3:i»^' •.»! Tin. e?.!ijiuf<'. 
valves is very rapid. lliJ vLje;. ■.•liot ^.-ijist- ! : iio^ fviu;;:'.. 
almost st&tionarv uvoii tijeir fs-ju'.:; um:.. \uv\ n't .iLit'i.f.. 
again. Thib ia effet't*:! t>y tiit i:'''uijj:fiiifur li! tiu :.!lli^ A 
the wrist plate, tbe o'jiiiifc».**iLi;: iMii.ii, tii . x;. vt .fVl■t^ Ix 
this means the work watJU;.: ov vu:^t *!i.;tj.»ii. .iii . mk ci. 
sequent wear, are roduot^d to u iiiLuiuiuii.. 'J'lic kIi-l.h. \.L!>t't> 
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e closed by means of small Bteom cylmders, in pkce of the 
uai spiral springs, which are more or less liable to break) 




Bometimes with diaaslrous reaulta. The engine ia fitted wi*"^ 
a starting valve, and will stJirt from any poaition agftinat t^*^ 
full blast pressure, The cranka are at 120 deg., as in t-** 
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'^ engine deacnbed. The air cvlinders are fitted with 
^ Bteel disc eucbon and deliTei7 valves. These are 




■*n in fig. 82, which ia a aectional elevation of the blow- 
cylinder, whose thickness is 2 in. There are 24 suction 
^ 24 delivery valves at each end, of 10 in. diameter. The 
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piflton baa two packiug rings, and there ia a apace bd 
tbe piatou nod the rings which ia filled with elastic ad 




packing, the whole heing aecured in place by a junk i 
ail aegmenta. By this arrangeioent the whole of the pi 
can be withdrawn through a amall man 



ole in the tM 



JH^llfcf. 
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-s. 




Fio. Si. 






•^J^ble settlement of the foundation toi^k ph\oi\ 

■ ^Baportance, as the ground is of a very Ix^u^y n* 

X ^f box section, 4 ft. deep, 2 in. general thioknosH» inotvunod 

^ 3 in. at the crank-shaft pedestals. Tho cnuik »hart In of 

^^ged Siemens steel. The journals are *J0 in. diuiut»tor \\\\\\ 
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3 ft, long; the crank pin is 19 in. diftmeter and 15 in. long. 
The diameter of the ahaft &t the fiywheel is 25 in., aud the 
length of the bosa of the flywheel 27 in. The flywheel ig 
20 f>. diameter aud weighs about 40 totis, one half of the 
rim being hollow to bnlunce the moving parts. The steam 
piston rods are 7i in. diameter, and the blowing piston rods 




8J in. The diameter at the small end of the connecting kmJ 
is 8| ia, and at the large end 10 in. The upper end of tit9 
connecting rod ia forked and has T ends, caps, and braSBea. 
Each end of the crosshead gudgeon is 6J in. diameter, and 
the same length. There are two guide blocks, 2iia by 12 in. 
The centres of cylinders are 15 ft apart. The whole engine 
weighs about 400 tons. A test of theae engines, with indi- 
cator diagrams, will be given later. 
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The valves of the blowing cylinders are of tho s;uuo tvjH^ iij* 
those in the last engine. From the dolivory vuIvoh tho air 
passes into ring-shaped passages, >Ylu>ao sect ion ^mdimlly 
increases to a rectangular discharge of 300 inn\. by 1 ,M (> niiu. 
(11*82 in. by 59*5 in.). Both cylinders dolivor intt» ii «\vlln 
drical receiver of about 1,700 mm. diainotor luid i*)|()()() iniii. 
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lengtb (67 iu. and ll^'2in.), whose diachurge pipe is 91 
diameter (35 J in.), liotb steam eyliiiders have piaton valr 
in whioh work expanBiou valvaa ; the diameter of the hS^ 
preaaure valve is 840 mm, (33'1 iu.), and that of the li 
pressure 1,930 com, (48i in.). The diameter of the en 
shaft joumiils is 750 mm. (29^ in.), and the leiigth 1,100 n: 
(43-4 in.) ; at the flywheel the diameter of sliaft is 850 n 
{33'5in.). The cranks are overlumg, and the crank pi 




ftre 45U mm. diameter (17^ in.) and 510 mm. long (20'1 iit 
The diameter of the piaton rods ia 250 mm. (9-85 in.), : 
also that of the tail rods ; at the smalt end of the connecting 
rods the diameter ia 250 mm., and at the large end 3>^0 mm. 
{13'8 in.). The length of the connecting rod is 4,000 mm. 
(158 in,), and the distance between centres of cylinders ia 
6,500 mm. (256-5 in.). The diameter of the flywheel ia 
8,000 mm. (315 in.), its rim is SCO mm. broad (14-2 in.), and 
its radial depth ia 420 mm. (16i in.). The normal diacharne 
oF th'is engine ia 1,600 cubic metres per miuut«, i 



li 



6,501 
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cubic feet, and its m^3i:iai c-arznz Ij^^j i^zL: zj=crei^ or 
67,750 cabic feet of free air. Tbe Liynst! pc«9szr» is 1 
atmogpheie, which nuij he TMiiisl i.> I^S. Tae g*:fras;«:€>ifig 
wvolirtions are 50 and 60 per miii;nie. Tbr b;<irr i«es£:ire 
uo^atmosphereSy aboat 95 fix« aai the -e^r^^zin-^ is oxjicosn^. 
27. On the Emciency or B(aii-^\rMi':^ B'. witkj Ettjima^ — 
we assume a mechanical e£^iencT -ii S5 per cent, and 
<5'Jciilate the air efficiencT br the formula 



Tj = 



> 1 



« - 1 » S'"^ ' 

we obtain for the three exponents 

» = 1-25 1-3 1-40S 

I 17, = -967 -952 -94 

if ^ ^ 1-5, 

*Qd multiplying these by the mechanical efficiency of 85 per 
cent, we get the three values 82*25, 81, and 80 per cent as 
^^^ total efficiency. The above, however, neglects the fall 
^^ the suction lino and the rise of the discharge line due to 
valve resistance. The folio winor examples are taken from 
J^ie Geblase," by Von Jheriug, Table I., p. 84, in which 
:*^6 dimensions, power, and delivery of a number of blast 
'•^riiace and Bessemer blowing engines are given : — 

Cubic feet per minute 12,000 17,900 28,900 31,700 
Absolute pressure of 

air in atmospheres... 1'4 1-33 1*41 1*43 

indicated horse power 532 453 770 867 

Total efficiency per cent 48-5 72-1 826 83-6 

^ *^e8e last are calculated as follows : — 
The useful horse power 

144 p., iKy hyp. log - ^ 

U = " " ^'^ 

33000 
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where v. = cubic feet per minute, ;)[ = absolute pressure of 
Qompraasion, and p.; = 14'7 lb. 
In. the first case 

, _ 144 „ 14-7 X 12000 „ 23 x log H _ 

" sJooo "'°''- 

Henoe the total efficiaucy 

iji = " — = 48"5 per cent. 

Thia is certainly below what could be obtained from this 
engine. The average of the four results is 71 '7, aud ia 
probably very near whut we might espect from a blowing 
engine. We have already obtained an efficiency of 69 per 
cent for one of these engines in Section IC. The following 
figures ate obtained from the above-mentioned work, and are 
from a teat made with a beam engine. The indicated bores 
power was 332, thiit done in the blowing cylinder 281 -^ 
80 that the mechanical efficiency was nearly 85 per 
(including the work done on the feed pumps, 88 per cent)^ 
The piatoa area was 6'3S square metres, and the pistoi:*.' 
speed 1'1678 metres per second, so that the number of cubics 
feet swept out by the piston per minute was 15,800. Tlk^ 
pressure to which the air was compressed was I '304 atm<3~ 
spheres absolute, and if we assume the volumetric effioiena;; 
to be unity, the useful horse power wa 



k 






u = 



14+ « 14-7 X 15800 s 2-3 x loir 1-304 



giving an air efficiency of 
and a total efficiency of 



Fig. 8S shows the indicator diagrams of the steam cy'fii 
den, and fig. 87 those of the blowing cyhndera, of the lai" 
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compound condensing blowing engine described in Section 2r>. 
The diameters of the steam cylinders are 48 in. and 90 in., 
and those of the blowing cylmders are 90 in., the stroke 



High-iNieflSure Side. 



Low-pressure Side. 




STEAM CYLMOCfXSTOP 





STEAM CYUNDCffS BOTTOM 




Pig. so. 



^ing 72 in. The diagrams were taken on November 25th, 
1900. The steam pressure in the engine-house was 76 lb. 
by gauge, the vacuum 19 in., and the speed 35 revohitions. 



High-pressure Side. 



Low-pressure Side. 



, 4//? CYLINDERS TOP 



AIR CYL INDERS BO T TOM 




4- 




Fio. 87. 



^^e greatest pressure in the high-pressure cylinder wan 

"lb. above the atmosphere. The peculiar shape of tho 

^^Scharge lines on the air diagrams is due to the fact that 
9ac 



i 
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other eugiuea were pumpiu^ into the air maius sit the »J 
time. We fiud from the diagraius — 

High-proBaure cylinder, M.E.P. 41-75, 

Indicated horse power 960 

Low-pressure cylinder, M.E,P. 9'215, 

Indicated horae power 716 

Two blowing cylinders, M.&P. 9"1, 

Indicated horse power of both 1,570 

This gives n mechanical efficiency of 92 per tent. Tbe iJfl 
horse power required to compress isothermally ia obtaiM 
iis follows. Meaaiirement from the diagrams shows that ti 
volumetric efficiency is 96'75 per cent, and the mejin pr* 
sure lit the end of the four strokes is 12 lU aboTS tht 
atmosphere. Assuming this as the mean pressure to vbict 
the air ia compressed, the ideal borae power is — 

14-7 X -7854 X 90' X 6 X 70 X hyp^iog ^! 

r = -9675 X 2 X - ._..._ '_ ili 

33000 

= 1365. 
The ;iir efficiency is tlierefore 

1365 „_ 
>h = j^=o = 8( percent, 

and the total efficieucy is 

1365 „„ 
Vi = jY06 " P^"" ' 

The eogines are fitted with Crewe and Davy's patent 
trip gear, which enables steam to iie cut otf' from the coi 
mencement to nearly the end of the stroke, so that uo 
siderably more power can be obtained. Such gear as this 
of the utmost importance in case an estra pressure of bla 
is required, which ia generally the case when tbe stea 
pressure is at its lowest. 

28. Bessemer Blowing Engines. — These engines work 
a higher pressure than those for blast furnaces. Tbe praft 
sure above tbe atmosphere is from 221b, to 30 lb., or sboilt 
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U to 2 atmospheres. The followhag is a test of one of these 
^Dgines, whose leading dimensions are — 

Diameter of steam cylinder 1,255 mm. (494 in.) 

Diameter of blowing cylinder 1,410 mm. (55 '6 in.) 

Stroke 1,410 mm. 

The speed was 40 revolutions, and the suction pressure 

^3*8 lb. per square inch. The indicator diagram shows that 

9o*3 per cent of the cylinder volume was filled with fresh 

*ir each stroke at this pressure, so that the volumetric 

efficiency 

r/3 = 95*3 X - = 89*7 per ceut. 

The indicated horse power from the blowing cylinders 
was 1,010, and that of the steam cylinders 1,152. The 
mechanical efl&ciency was therefore 87*6 per cent The abso- 
lute pressure to which the air was compressed was 46*3 lb., 
and ideal horse power necessary was — 

144 p., i'.. hyp. log - ^ 

U = -"-" - ^''^ 

33000 

^ 2^^ 14-7 X -897 X '7854 x (55-6)' x SOx 2 '3 log 3-15 ^ g^,^ 

12 X 33000 "'^' 

«o that the total efl&ciency 

825 „. ^ 
m = Y^^2 = ^^'^ percent. 



^^ the air efl&ciency 



^2 = Y^ = 81*75 per cent. 

Measurements from the diagram show that the fresh 
volume of air drawn in per stroke was 2*462 times its 
jolume when compressed from 13-8 lb. to 46*3 lb. absolute, 
**ence the exponent of compression 

„ = !2gi6j^-Jo«I!:8 ^ 1.345. 

log 2-462 
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Messrs. Breitfeld, Danek, and Co., of Prag-Karolint 
have kindly supplied me with five sets of diagram 
Bessemer blowing engine. The leading? dimensions ai 

High-pressure cylinder diameter 950 mr 

Low-pressure cylinder diameter 1,400 mr 

Blowing cylinder diameter 1 ,350 mr 

Stroke 1,500 mr 

Revolutions 50 

The fifth set give the following results : — 

Indicated horse power of steam cylinders . . . 1,340 

Mean pressure of blowing cylinders 1 8 *37 lb 

Horse power of both 1,220 

Mechanical efficiency 91*1 per 

The mean discharge pressure was 3*14 atmosphere 

lute, and the volumetric efficiency 86 per cent. The 

pressure with isothermal compression for this is 1 

This gives 

14*4 
y)., = ,- ,„ = 78*4 per cent, 

and the total efficiency is 

>;i = 78-4 X -911;= 71*3 per cent. 

29. Bessemer Blowing Engine^ constructed by the Koi 
Maschinenhau-Actien-GeselUchaft, of Koln-BayenthaL 
88 is an elevation, fig. 89 a sectional plan, fig. 90 a coi 
plan, and fig. 91 an end elevation partly in section 
blowing cylinder of a horizontal engine. The leading ( 
sions of the engine are — 

High-pressure cylinder diameter ... 1,300 mm. (51'! 

Low-pressure cylinder diameter ... 2,000 mm. (78*^ 

Diameter of each blowing cylinder. 1,800 mm. (71 i 

Stroke 1,700 mm. (67 i 

The blowing pistons are, as usual, driven from the tai 
of the steam pistons. The valves are set in two rini^s 
ends of each cylinder, the valves themselves being she 
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fig. 9:i, Each valve aeat holda four delivery or four suction 
valves, the former being nearer the cylinder enda, and dis- 
charging into a passage of reutaugular aeetiou whose breadth 
radially inoreaaea from the bottom to the top, aee fig. 91. 
The valvea are preaaed on their aeata by spiral apringa, and 
the valve seats are held to the casting by a central bolt. 1" 
fig. 93 the lower valves are the discharge and the upper the 
auction. The latter draw their air from a paaaage in the 
engine fouuiintion, which communicates with the outer siir ; 





such passages usually terminate in a chimney, so that th. ^ 
air supplied to the cylinder ia as culd and free from dust »- ^ 
poaaible. The ring-ahaped discharge passages terminate i «^ 
two rectangular openinga 1,000 mm. by 240 mm. (39-4 in. I>y 
9'45 in.), which are connected by a bent pipe of reotangula-*" 
section to the discharge pipe of 550 mm. (21'T in.) diameterv 
figa. 88 and 89. Fig. 91 gives an end view in the rigt«* 
hand upper quadrant; a section through the cylinder paB- 
sagea in the left hand upper quadrant ; beneath this a view 
of the valve cheat from the suction aide ; and in the remain- 
ing quadrant a section through the discharge passage. The 
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steam valves are pistoit vslvea of 410 mm. and 800 mm. 
ffiaajetBrllG'S in. and 31-5 in.), with valve rods of 70 mm. 
"rrf 100 mm. diameter (276 in. und 3-94in.)i the former 
a Tariftble cnt off. There are three guide blocks to each 
piston rod ; one on the tail rod of the blowing cylinder, the 
Wcoud between the two cylinders, and the third at thu 
^rosaheail. The piaton roda are 250 mm. disimett'r (9-84 in.), 




'^od the connecting roda have dianietera of 220 mm, and 
270 mm. (8-65 in. and lO'G in.) at amall and Urge ends, and 
their length ia 4,250 mm, {167i in.) Tho distance between 
the oentrea of cylindera ia 5,400 mm. (212-5 in.). The 
«raak pin diameter and length are 400 mm. (15-75 in.), 
those of the emnk journals 600 mm. ami 750 mm. (23'6 in. 
nnd 29'5in.), and the diameter of the crank abaft at the 
flywheel is 700 mm. (27'6 in,). The diameter of the Bywheel 



iH 8,000 mm. (315 in.), the breadth of its rim 340 u 
(13-4 in.), and radial depth +35 mm. (IT-lin.); 1 
eight arms, _ 

30. Vertical Compound Bessemer Blowing Engine, con- 
gtructfd by Metsri, Scknf.ider and Co., Creugol, feiT t/it 



ire d| 




SiiciUi dei AciirieB de Longwy* — This eugiae I 

following leading dimeiisiona ;— 

Diameter of high-preaBiire cylinder. 1,200 mm. (47 J in.) 
Diameter of low-preSBure cylinder. 1,700 mm. (67 iu,) 
Diameter of each blowing cylinder. 1,400 mm. (55'1 in.) 

Stroke 1,400 mm. (65-lia) 

Capacity per minute 400 c. m. (14,100 o.f" 

PresBUre above the atmoaphere ... 39-4 lb. per sq. 
Initial presanre upon the piston ... 78 lb. per aq. ii 
Revolntiona per minnte 50. 



• "Apparrfla ii« CorapteMloti d'Ai 



iae\».%«4«!Ad*l'. 
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'w indicated boree power was estimated at 1,400, and tlie 
"mamption of steam at H'31b. per indicated horse power 




"^ifr. There are two crauks at ri^ht angles ; the blowing 
y'lDdera are placed above the steam ; the steam valves are 
' the Corliss type, the steam valves baviag trip gear for 
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hijrli-preaaiire cylinder, but iiot for tlie low, in wbicl 
point of CHt-off is fised. The governor is so conato 
that the apeed can be varied as reijuired. Fig. 93 ahl 
Bectiounl elevation through the piston, liner, cylinder, and 




oliest of the blowing cylinder, the valvea not being sboil 
place. The blowing piatou is at the bottom of the e' 
The cylinder is water ja'jketed. The air valves a 
acting, and are in sufficient number to reduci 
of the air through them to 82 ft. a second at 50 revoloj 
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This type of valve is used by Messrs. Schneider and Co. for 
all powers and pressures, and works very well. Fig. 9 4 
shows a sectional elevation and plan of the valve complete. 
The valve itself is a copper plate 62 mm. (2'44 in.) external 
diameter and 25 mm. (1 in.) internal, and l\ mm. ('06 in.) 
thick. The spring is also of copper, and the valve seat and 
valve guard of bronze. The spring is compressed to 
20'75mm. ('SIT in.) when the valve is closed. The guard 
permits the valve to rise 5 mm. ('195 in.), and the cylindrical 
area at the outer circumference of the valve is therefore 
9'7 sq. cm., or 1 J sq. in. Messrs. Schneider give the area 
aaS'Osq. cm., corresponding to a rise of 4*6 mm. (*18in.). 
Ju8t under the valve plate the passage has internal diameters 
of 54 mm. and 32 mm. (2*1 in. and 1*25 in ), and there are 
four ribs 3^ mm. ('136 in.) thick, which make the area of 
the passage 13*3 sq. cm., or 2'06 sq. in. The engine can 
^ork condensing or non-condensing, valves being fitted for 
that purpose in the exhaust pipes. The condensers and air 
pumps are in a pit at the back of the engine, fig. 95, in order 
that the jet may be drawn in by the vacuum alone. There 
are two vertical single-acting air pumps, driven by levers 
actuated by the crossheads of the piston rods. One pump 
18 sufficient even at full speed. 



CHAPTER V. 

Air Compressors. 

31. These may be divided into single acting and double 
acting^ or those that deliver dry air, have water injected into 
|Qeir cylinders, or a mass of water in the cylinder moving 
Y^ and fro with the piston. But as the valves are the most 
JJ^portant feature of the compressing cylinder, the best 
^^wion is into those which have self-acting or mechanically- 
^putrolled valves. The former have the advantage of 
^^Qiplicity, and their first cost is consequently less ; the latter 
^fe more durable, give less trouble, and allow a higher 
Piston speed than the former. Self-acting valves are 
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in vhich is 'a apiral spring of steel of 22 mm. external 
diameter (-867 in.), and 2 mm. diameter wire. The guide 




'P'I'dle .csLTfieB a piaton of delta metal at its outer end, 
*hioh works ia a dashpot. The piston is 91 mm. diameter 
'"'^9 in.), and the cylinder in which it works 92 mm. 



12S 
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(3'02 ill.), E<j tbat the air caii pass round its eircumference. 
The apriug is held at its outer half in a bronze cylinilerof 
28 mm. (I'l in.) diameter, the inner diameter of the trIvs 
guide being 28^ mm. The dashpot, of coiiree, prevails 
shock, with consequent uoiBe and damage to the val' 
the valve in opening and ulosiug. Fig. 97 is an ei 
with the daahpot cover removed. Fig. 9P is the 
valve, which is of delta metal, the seat being of gun metal, tlw 
diameter being 60 mm., so that the suction area is 0*083 of 
the section of the cylinder. The valve spindle is 16 i 
(■63 in.) diameter, and a piston is screwed upon it« o 
end, working in a dashpot The diameter of piston tsi'. 
daahpot is 60 mm. (2'36in.) diameter, and the valw is 
pressed ou its seat by a. spring of steel 3i mai. eitonwl 
diameter (■94.'i iu.) of 3 mm. wire. Fig. 99 is a secljoosl 
end view through the middle of the spiudle. 

33. Comprtxsur constructed hy the Tity/unttn's Pain 
Sand Blast Covtpang. — Sections through the cylinder M 
shown in figs, 102 and 103, and ihe coustructiou of the vain 
is illustrated in figs. 100, 101, tlie former showing the partsoT"" 
the inlet valve, and the latter those of the delivery. As 
the inlet valves are pmcticully inside the cylinder, the . 




ulenrance ipuce reqnired to admit them to a great extent, 
determines the ultimate volumetric eflicieiicy of the 

pressor. Matthewson's patent valves occupy verj- s 

space in proportion to their areas, and the clearance is oBflV 
1 to 2 per cent of the cylinder capacity. They are ejM^ 
ingly hght (ft 3 in. valve anil spring scaling leas than tw'l^ 
ounces), perfectly air-tight, and practically noiseless ilf 
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I TOrting. Both Talve and spring iiro umdo i'roin a speciul 
' qnility of sheet steel, the valvo being ground on thu contact 
I lidewbilat held by a magnetic chuck. The delivery valve is 

* light steel stamping held on its seat by a. apecial close 
Mil «pring, which, when the valve haa attained the required 
fift, is completely closed, thus avoiding the shock caused by 

* filed stop. The efficiency of this design is amply proved 
ly their long life and by the absence of noise when working, 
lie cylinders are fitted with cast-iron liners of a special 
jubtiire, the space between liner and shell forming the water 
jaokeL The cylinder ends are perfectly flush, and as guards 
*re fitted to the inlot Talves, nothing can possibly find ita 
way into the cylinder. 

The tur openings through these guards have aiiffloient urea 
to allow the gas to pass freely through them. Ilegarding water 
jacketing, it ia claimed that greater efficiency is obtained by 
utiUsing the cylinder ends as valve ohesta than by using 
mdia] valvea and water jacketing the cylinder ends, as the 




'I'creaaed valve area autl reduced clearance more thoii 
wmpensate for any estra cooling obtained. When it is 
Mnsidered that with compresaora ranging from 20 to 1,000 
™bio feet of free air per minute a single stroke only occupies 
V^" to 1th of a second, it cannot 1>b expected that much 
i^liog will take place in the cylinder. Volumetric etfieieuciea 
"'90 and 80 per cent are guiirantecd with compound and 
""'ele-stuge compreasora respectively, working up to a 
Pfeaaure of 100 lb. for the former aud 80 lb. for the latter. 
"^ patent governing inlet valve is fitted, which automatically 
IOac 
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regiiktoa the itmount of air compressed to that req»»^'^ , 
(see figs. H)-2 aiid 103). When the amount of air requir^**- '* 
leas thitii the tiipacity of the compresaor the air pre^*"* . 
rises, ami, by meaua of n small weighted piston, ai- ^ 
admitted from the uir receiver to tlie regulator cylir:»-"* ' 
tiiua closing the air inlet, and thereby putting the pistes ** ^ 
piatoiis into e(|uilibrium by cansing a partial Taciiun.^*- 




both side 
where th( 
, used. 

34-. Vfyticttl C->m/j 



The power saved by its iiae is uonsidersble 
ai-e frequent variations iu the amount uf nir 



' A N Ci>Tnpres>,oT, cnnitrnctid ''.r 
, ami Company, C/iwi/dw.— The 
machine has steam cylinders 12 and 24 in. diameter, and fir 
cylinders 13 aud 22, the stroke being 12 iu. The steam 
cylinders are supported at the back by strong ooBt-inii 
columns, and at the front by steel columns. The whole 
structure is mounted on a bedplate of cnst iron ; the unink 
shaft is of mild steel, with cranks at right angles si"! 
webs forged solid. Both ateam cylinders are litted willi 
Meyer's valve gear. Each piatou rod is in o 
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Three views of the engine, for which wo are indebled 
Meuara. Dud(mld, Stewiirt, and Co., &re eh->wn in figs, H 
10."), Hud lOti, nod fig. 107 is & section of the high-premnfe 
air-ojliuder, from which it may be aeen that the yaiia 
are placed in the covers at top and bottom. The moving 
parta of the valves are of maugnneae brotiKe, and are held 
in position by springs whose tension is adjustabli "^' 
valve seats iiud giiHrds axe of beat phosphor bron 
grids are placed above and below the valves in the loter 
and upper covers to prevent their fulling or being drawn 
into the cyUnder. Each cylinder is surrounded b j a w»W 
jacket, and there is also a tubular cooler between tli* 
cylinders, fig. 106. The air inlet valve on the low-prowne 
cylinder has nu automatic adjustment for controlling tlw 
volume of air passing accordiiig to the nmount r«joiwl. 
The steam pressure is 1301b., and the air 1001b. Wba 
running at 100 revolutions, the capacity is 400 coUo IM 
|>er minute. 

35. The Kryttal Air Comprtaor. — Messrs. Scl-affor ud 
Budenberg have kindly sent us a description of this wH^ 
preuHor, which is shown in fig. lOB, a section of the eylioder 
being given in 109. In this system the suction vA 
pressure valves are compactly arran),'ed one wiihin tlie 
other, and they furm the actual cylind.r end. Both ^-alMs 
lire of the same diameter as the piston itself, their lift is 
verj- small, and there is no clearauce whatever betw«« 
piston and valves. It can be rim at a high speed, u>d 
there is no loss through clearance space. Water cooling 
can in many cikses be dispensed with, ns the vaU-es offerA 
large cooling surface for f be compreHeed air. There are va 
stuffing-lDOxes nor crosshead. 

In lig. 109, II is the auction valve, and b the 
or delivery valve, which lutter is carried by a metallM 
diaphragm g, which is firmly held at the joint nagC, 
/shows the spring of the suction valve. The seat of ti» 
suction valve is ou the pressure valve, and d repreai 
the seat of the pressure valve against the end of 
cylinder. 

The movement of the pressure valve and diaphragm 
checked by the spring A, and the tension of this spring c 




ipbr*gm g. 

~ : will tbuii ti«i nevfi Umi tUr niirtiH K^tM.' Xi^A,ij uu>i> 

I CflindBr Bud, toA •ill ofwu raaiULf vrLuiJ tiw fWjUuMi 




Tbe flrwbMl it trrutieed in tarm the drivrn^ pnllcy. 
The ejhadtr and beMin^ are lolirMUecl Ij; nrdinvj drop 
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sight-feed liihriuators. Riug lubrication is employed ii 
muiu beaiiogs of the crank shaft. When required 
pressures nut exceeding 1201b. per squaro inch, 
cooling can be dispenaed witli, provided the compreGstH-J 
required to work for abort periuda oujy at frequent intervi 
and not continuously. For continuous working it ia prefel 
itble to employ water cooling, even at lower preaaurea. 
These cotnpre'Haors cuu be used for gaaea qb well c 
They have hitherto been made in two aizea, with 4 ii 
t in. diameters «f piaton reapectively, but larger sizes c 
supplied if lequired. The stiolie of each size ia 4 in, 
their capacities in cubic feet per hour 525 and 1,050. 




36. Compuund Air Compreeior, constructed h^ Meit 
i^chiichtermann and Kremer, Dortmund, for the Harpatt^ 
Mining Co.* — Figs. 110 to 115 show the air cylinders and 
valves. Fig. 1 10 is a sectional elevation of the low-pressure 
cylinder, and fig. Ill a sectional plan view of the bigh- 
presaure, while hga. 112 and 113 ahow transverse sections (^ 
both. The engine is croas-cooi pound, the Ligh-pri 
piston being driven direct from the high-preasu 
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piston, and similavlv for the low-pressure. It iH cuIcuLitt 
focompreas 6,200 cubic metres (183,650 cubic feet) i>f a 
psr boir. The leading dim ens ion a are :— 
Djuniter of low-preBsiire steam and 

air cylindera 900mm. (35-43 in 

DiimetOT of high-pressure 8t«am and 

air cylinders 575 mm. (22'63 in 

Strob... 1,100 mm. (43'30 in 

Flywheel, diameter 5,500 mm. (21G-5 in 
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The atenin pressure is 1G9 lb. per sq 
. ......w, cc *„ 1 1 Til. ^„ ..„ ;„..i. 



There is a 

not fitted B 




cold water jaoketa, nor are they otherwise cooled. The h 
preBanra ateam cylinder aiiii tlie intermediate re-he 
iinderneftth the floor level (fig. 1 13) are ate am -jacketed. 
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auction and delivery air valves are self-actinjr, of the Coll- 

'Muan type, and are made of aluminium bronze. Fig. II 4 is 

^delivery and fig. 115 a suction valve. In this typo a spiral 

spring closes the valve, an oil piston coming into play at tht» 

last moment to prevent the valve from striking on its seat, 

the working being noiseless throughout The action of the 

oil piston can be regulated while the engine ia in motion ; 

both the valves are easy of access for mainteiuuice and 

^pair. The piston is immersed in oil, which almost roaches 

the upper part of its neck-shaped extension. This remains 

'incovere<l for regulating purposes. The oil flows from one 

^ideof the piston to the other through grooved |)orta cut in 

^he wall of the bush in which the piston works, and these, 

Recording to the position of the piston in the hush afford a 

wger or smaller area open to the flow of tho t)il. .lust 

*^fore the valve touches its seat its downward motion is 

^tarded by the piston, which has reached a point of its 

stroke at which the space open to the flow of tho oil is verv 

^^hW, This ensures the noiseless closing of the valve. Tho 

'ibove action can be easily adjusted by altering the ]>osition 

^1^ the piston relative to the ports, either by moving the 

Pjston or the bush, the latter being tho easier. The oil 

piston contains a relief valve, which aids the flow on the 

^ipward stroke. 

37. Ingersoll Sergeant Ctwipresjiors. — Fig. 11() is a 
longitudinal section through the cylinder of a ty])e <»f 
Compressor constructed by the above company. The valves 
^e of forged steel with a vertical lift, the delivery valves 
tiaving springs within them, those on tho suction valves 
teing placed round the valve spindles and })ressing u])on 
collars pinned to their lower ends. The suction valves 
being at the bottom of the cylinder, there is no fear of thcMr 
heing drawn into it and so wrecking the coni])ressor, so tliut 
sieve-like guards, which take up a considerable amount of 
heat and warm the incoming air, aro unnecessary. 'i'h(» 
piston, as it nears the end of the stroke, forces oil upon th(^ 
suction valves. The covers and sides aro water-jacketed, 
but the valves are accessible by removing tho caps above 
and below them. The compressing piston is driven direct 
from the steam piston, fig. 117, a crosshead on the piston 
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hearth steel, made from a solid billet, 'which is punched and 
worked into the reijuired form and size without any welding. 
So well do thiiy wear, that the company guarantee them for 
live years, and state that they have not bad a single case oE^ 
breakage of one of these valves, one of which is also showKr^ 
in tig. 119. The holes in its sides are for piua, which ar-^ 
fixed in the piston, and prevent rotation without hinderiik.g 
the opening and closing of the valve. The inertia of tfc»« 
valve at the end of the atroke asaibts its rapid opening unrf 
closing at the right moment. The covers and side of the 
cylinder are water -jacketed, and the delivery valves placed 
in the covers. The piston is driven from tlie tail rod of the 
steam piston, the flywheel shaft being on the further side of 
the steam cylinder. 

Amongst several other types, this firm constructs com- 
pound compressors, compressing to 1001b. The diameters 
of the smallest in the order — steam high-pressure cylinder, 
steam low-pressure cylinder, air low-pressure cylinder, mi 
high-presaure cylinder — are 10 J in., 18 in., 16 J in., and 
lOJ in., with a stroke of 30 in. This runs at 90 revoluiiona, 
has a capacity of 6-84- cubic feet of free air per revolution, 
and requires 97 I.H.P. to drive it. The largest size has 
diameters 24 in., 44 in., 36 J in., and 22^ in. ; atroke 48 in., 
70 revolutions, 55 cubic feet, .and 664 I.H.P, The total 
efficiency of thia latter, assuming a 100 per cent volumetric 
efficiency, in, from equation (7), 

_ ideal horse power 
indicated horse power 

^ 144 X 14'7 X 55 x 70 x 2-3 log. 7-82 | 

33000 X 664 

= 76'4 per cent. 

"With a volumetric efficiency of 95 per cent this would 
become 725, in any case a good result. 

38. Air C'ompretsur Valves, hy Davey, Paxman, and 
Co., Colchester. — Figs. 120, 121, 122 show the suction, and 
figs, 123, 124, 125, and 126 the delivery valve constructed by 
thia firm for a cylinder 24^ in. diameter and 32 in. stroke. 
Fig. 120 IB a longitudinal section, and at the top a half plan, 
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guide buah whether the vaWe is open or shut, eo that 
Talves never drop when thej are open, and are boon 
close f&ir and trae Fig 1 21 la a phm of the valve seat^ 
&(( 122 a sectional plan cutting it at abont the middle < 




height. The seat is constructed of cast iron. The d 
valve is shown in longitudinal section ia fig. 123. 
two beats, whose external diameters are 6f in. and 3 




^ a spiral spring, and the vaive spindle ix uuidcil liy i 
jNl When the YaWe opens a poiut at tho oii'i ol' 



150 



Am COUFKBS90K3 AND BLOWTNO BNGIK^. 



spindle comes against a gmall ptaton of steel, which is aots^ 
upou h; a oonical spiral spring. The lift is thus Umitat 
without shock. Fig. I'Ji shows a section of the valve sea 
and fig. 125 a plan of the face, while fig. 126 is a traneverl 
sectioQ through the middle of the valve spindle. 

39. The Reavell Air Compr-ei»'>r.*—Fig^. 127 and \% 
show two sectional elevations of this four-cylinder ooti 
pressor, which can be driven bj ateam belting or eleotC 
motor. The casing is circular, and the cylinders sS 
provided with trunk pistons, whose connecting rods fj 




actuated by a, single crank. It will be aeeu, figs. 133 m 
134, that the connecting rods have only a, small bearing.a 
the crank pin, and are held in place by two keeper ring 
The gudgeon at the piston end is hollow, and has a grow 
cut in it, which serves as an admission passage when tl 
piston is moving towards the centre. The piston is al 
shown in fig»i. 135 and 136, in plau and sectional pl» 
There are also auction ports in the cylioders, figa. 130 U 
132, which are uncovered when the piston reaches the oj 
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pteaanre guide pistona tandem fasfaiou. The low-preBsure 

cjliaders have no auction valvea, but each connecting rod 

l*^ t«o milled out paaaages, which connect the cylinder 

~' 'le apace in which the shaft works during its inward or 

'uetion stroke, but ou the return stroke are closed. There 

B kIbo passages in the cylinder nollH, which are opened 

i JD9t before the end of the stroke, thua eusuring the complete 

I filling of the cyiinder. On its outward or return stroke the 

^ k compreased until it lifts the discharge valves, and the 

'"' paaaea into the receiver. All four receivers are connected 




^kigether by bent pipes, and aa, while oue low-pressure piston 
>B compresaing, the opposite high-preaaure is drawing in a 
Charge of air, the air has to travel from one aide of the 
Compressor to the other, and is thus cooleil in the bent pipes, 
which are anrronuded by water. The principal advantage 
of compound conipreaaion ia, of course, that the air can be 
ciooled in an intermediate receiver. When the small piston 
moves inwards air is drawn in through the suction valves at 
the side of the end of the uylinder, and on its outward stroke 
the air pasaea through the delivery valves in its end into a 
pert cast round the periphery of the casing. Three aides of 
this port are in contact with the oooli'.'g water in the casing 
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or tank. The Talves, one of which is Bbown in fig. 138, B>M 
of uue size iu all sizes of compreHBors, the number being^ 
gorerned by the req iiiremeuta of ench size of cylinder. Eacl^ 
valve weighs lesa thau an ounce, the travel is only -^in- 
and they work noiseleBaly. With a four-cylinder machini^ 
running at '250 revolutions, there are 1,000 deliveries of a^M 
[)er minute, or more than 16 per second. This contiiiuoi::^ 
stream enables a large reaerroir to be dispensed with, Tlr-j 
diameters of the low and high pressure cylinders are 10 i^ 




and 5 iu. respectively, so that, aa the larger piston is ai 
the ratio of areas is 3 to 1. The stroke of the pistonH 
5 in. The iiir is admitted to the centre of the casing throirt 
the openings at the end and through un automatic inl 
arrangement, tige, 137 and 139, the former giving a Tertii 
section through the central apindle and the lattet i 
transverse thereto. The air supply is controlled by this, i 
that when no air is required from the compressor the iu 
valve is automatically closed. Referring to tig. 139, it ^ 
be seen that the inlet valve consists of two concentriQ tin 
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pf which the inner is monbLe. viiE« b::h 
^ them. The inner ring azasa s *zi=s^^ 
Jttached to it a woghted Icrer with & •octr:'. 
^0 the nnderride of the lerer is &sten»i % sr-i: 
.^<t08e piston works inside a cjlinder, the ^^nir 
^ ui connection with the air delivor pip». 
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ie ;f whi-h 
When 'he 




Fio. 141. 

Compressor is working normally the valve is in the position 
shown, so that the ports are open, but when the pressure 
exceeds a certain amount the piston raises the lever and 
closes the passages. Then, since a vacuum is soon formed 
in the suction chamber, the compressor requires very little 
work to drive it. 

The type of valve fitted is shown in section in fig. 140. 
Each cylinder has a suitable number of these valves. These 
compressors can be driven singly, or one at each end of the 
engine or motor shaft. Fig. 141 is the diagram of torcjue 
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I in tile Latter caee, the dotted lines showing the torque 

I required by each compresaor, and the foil line the aiim of 

I tiese, giTing verv nearly a uuiform resisting moment. 

I 41. Reavell Ta-o-stifj^ Air Ctjiiiprfsaors.^The liitest 

I design of these compreaaors, which ia intended to stipereede 

I thoM already described, b shown in perspective in fig. 142. 

I There is a motor in the centre, the tow>pressure cylinder 

a the left and the high-pressure on the right ; between 

an inter-cooler. Each of these compresBors is similar 

Blothe beltdriven aingle-etage compressor shown in section in 

B'%8. 143 and 1-1-4. In fig. 145 a sectional elevation is also 

BibawD of the arrangement of motor and compressor. A con- 

^nuous shaft passes through the whole machine, with a 

Tftank at each end for the compressor, and on this shaft is 

mounted either the armature of a continuous-current motor 

ur the rotor of an alternating-current machine. Single-ended 

Compressors are also constructed by this Rrm on the same 

lines as illustrated in fig. 146, who also build single and 

douUe ended portable compressors, one of the latter beiug 

>«hown in fig. 147. These compressors have no suction 

valve, air beiug admitted above each piston by means of a 

" a the latter, which coincides with a similar port in the 

p of each connecting rod, during the auction stroke ; and 

r the end of this stroke the piston overruns the ports 

t through the cylinder wall, as shown in figs, 143 and 144, 

IS making direct communication between the cylinder and 

! inside of the compressor casing, which is arranged to 

i suction chamber. Messrs. lleavelt claim that this 

batiire alone residts in a gain of at least 5 per ceut in the 

Tolumetrie efficiency as compared with compressors having 

spring-loaded valves, the cylinders being filled with air at 

atmospheric pressure at each stroke, instead of a reduced 

pressore due to the resistance of the valve springs. A 

apecial feature about the construction of this quadruples 

compressor is the simplicity of construction and the ease 

xiith which the machine may be dissected for examination or 

repair, for on removing the nut which retains the end capon 

the crank pin the whole of the connectiiig rods and pistons 

can be removed without the use of a spanner. The method 

by which the counecting rod can be removed is clearly 
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shown in fi^s. 14H, H9, and 150. The delivery valves e«^ 
fitted at the outer end of each cylinder, and they 0[»i« 




'ilrt'—jiSJ 



during the compreasiOD stroke as soon aa the air hoE 

the required delivery pressure, iiud throngh them tlie a 

passes to the delivery belt or passage shown, from which ft 




'^UM valTM ire mfa (ran «anB, wi i 
^siijg a namber of i4lfca b «s (cvfinn 
'^ are red<ioed to tte nonuBn.' ^m 




f,MaAtfaar,i>^Aa^»mtp\b\. IW siumltf put 
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Messrs. Keavell also coQBtruct a type of uompreasor hnviug 
■vertical compoimd steam cylitidera aiid horizontftl com- 
pressing cylinders. One of these is ahowu in ftga. 152 and 

r Compresfor Delivfry Valve eongtrueted by tlir 

Guteliofnungthiitie, Oberhaueeit a. d. flitAr.— Figa. 154 

and 155 show one of four delivery valves for the two air- 

compreaaiiig cylinders of a twin air uompresBor. The former 

is a sectional elevation, the latter a plau, the upper part of 

— which sbowa the valve guard, uumbered 2, as seen from 

^Lbelow the lower part showing the valve soat 3, seen also 

^Bfrom below. The parts are all numbered, 1 being the valve- 

^F'tKix cover of cast irim, 3 the valve guard or stop of the aanie 

" metal, 3 the valve seat of cast steel, while 4 and 5 are two 

ringa of ateei plate forming the valve. There are eight 

spiral apringa, numbered 6 and 7, the former eKercising a 

(force of 12 lb. when they are compressed about ^iu., and the 
Utter 21 lb. for the same compression. Tbeae spriugs are 
'Wiled round 8 and 9, atuda upon which grooves are cut for 
,lhe ends of the spiral springs. The vaive guard is fitted 
'Qpon a central bolt 10, and a atufKng bo.K is fitted in the 
oentre of the cover. The inaide diameters of the two rings 
kre 240 and 120 mm. or 9'45 and 4'72 in. The rings are 
80 ram. or MS in. in width. Figa. 156 and 157 are indicator 
diagrams from air-oompressing cylinders made by this firm, 
while 158 and 15S are those from the aCeam cylinders. 
The mean pressure ji \a given iu atmospherea. The 
horse power of the air cylinders ia 92;t, and th«,t of the steam 
cylinders is 1,157, so that the mechaniciil efficiency is about 
80 per cent. The volumetric efficiency in H" per cent, and 
the pressure to which the air is compressed is 6'(i atniospheres, 
and the average mean pressure per square inch of the four 
I ^grama is 33*3 lb., the ideal mean pressure 

p, = -ST X J... hyp log ''' 

■ tie volumetric efficiency being 'S? ; 
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V„ = 0.87 

Fig. 156. 




Fig. 157. 




Flo. 158 
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Hence the uir efficiency 

and the total efficiency of tiie engine is 

1, = -80 >c -72 = -576, or 67-6 per cent. 

n-75 




Taking the diagriim in which the iodicateil 
241, and using the equatiou, 

log ITj - log V, 

log 6-56 - log 1 ^ , 
log 98 - log a3-75 
42. Friifemor GuHfrmiith's Spring Clack Ta^i'M.— IheW I 
avo constructed by the Humboldt Engine Works, Kalk, ueU 
Cologne, and are shown in figa. 160, 161, and 162. 
valve itself consists of a. thin plate, which for 50 atmo- 
spheres need not exceed 1 mm, in thickness. It is coiled at 
one end into a spiral form, and fits at this end into a groove 
in a spindle, which is fixed whilst the valve is working, bat 
which can be rotated so ae to tighten or loosen the spring fot 
high or low speeds of rotation. The three principal faults 
of viilvea in general are the great resistance to the pissogfl 
of fluid through them ; the harmful effect of their masses, 
producing shock and noise, and destroying the valve seat< ; 
the great changes of direction and velocity, and the eddiM 
consequent upon this pi-oduced by the valve. To get rid of 
these Professor Guttermuth carefully studied the working oi" 
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nlvea, both practically and theoretically, and tlaima to have 

ftdeaigned une in which till these faults are reduced to the 

■ aiim poaaible. The maaa of the valve ia very small, a» 

the tension of the spring, while the flow through the 
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I Mat and past the valve ia bo arrauged that there !*■ 

I 'ittle change of velocity and direLtion, and cou8ei|i 

'flfy little loss by the production of eddies This ii 

WBirly ahowii in tig. 161, which contains a, transfers 

'ongitiidiua! sfction of an air compressor cjlinder I 




lUtter the air enteis from the left, ind it mil be seen iiow 
.8 the change of direction in ita pnssage through the 
while the same holdd good for the discharge I he 
[>ening of the valve in not aflected appreciably bj the 
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tenaiou of the spring, but depends upon the volume flowi|| 
through it The spring ia necessary merely to t 
valve with auflieieut rapidity. The valves are uoiaelea 
their aclioii, and easily acceasible. Pig. iri2 sli 
arrangement for an ammonia compreaaor when 




clearance is iieceaaarj. Two small covers are arranged 
give accoJa to the valves. Fig. 163 gives the diagrams of 
compound air compreaaor made at the Hnmboldt work 
compressLDg to seven atmospheres. The diameters of tl 
Bteam cylinders are 630 and 950 mm. (24-8 in. and 37'4 
ajid those of the air-oompresaing cylinders 400 and fiSO tni 
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(15-75 in. and 25*6 ia), while the ptmke i« l.OO^i tiiin. 
(39-4 in.). 

The speed at which the diagraiuH are taken in 7'* 
leTolations per minute, but the engine ih cafxiMe of 
diachai^ging 5,000 cubic metres of free uir {>er hour. T\u* 
ease with which the valves work is ishowu bv the fuo.i that 
the pressure on the diagram only ezcee<lH wi\iiu atinoitphcrc*!! 
by about 3^ lb. at most. The advantage of omiit><Hin<liiit; i* 
tlso shown bv the great reduction in voliujii' of the nii- in 
the intermediate reservoir. The mean volume of air din 
charged from the low-pressure cylinder is 01 36 of itn 
Tolame, while that drawn into the hi^h'pre»««iire cylinder is 




\ : 




Fig. IW. 



"^5 of its volume. It follows that the air dis<;hur;;ed from 
*"« low-pressure cylinder has a volunje v^ho^e ratio in that 
<>f the air drawn into the hi;rh -pressure cyJiuder is 

•95 X (i()<)}'' 

Tbe pressure at discharge from the low-preusure c) jinder i-s 
27'451b., and from the high-press un.' cylinder ><>*'2lb., Uith 
above the atmosphere. The average volumetric efficiency of 
the low-pressure cylinders is *Ji ymr rent : that of the hij^h- 
pressure cylindcra is 94J per cent. The mean pressures 
from the low and high prewure cylinders are 161 2 and 
30-65, so that the mean pressure referred to the low-pressure 
cylinder is 29 '57 lb. per s^^nare inch. 
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The ideal mean preasure that would be obtained with 
isotherimil compreBBion and votumetrii; efficiepcy of '94 is 
■9-) X U-r hyplo); 7 = 26-85. 
The air efficiency 

'h = .„..., = 91 per <'«nt, 

n very gooil result, showing the advantage of compoundiug. 

if we asBume that the mechanical efficiency of the engine 
is 80 per cent (;uid it is hardly likely to be less), we g 
total effiuiency of 72'8 per cent ; vliile with an average^ 
machanicsl efficiency of 85 per cent it ia 77'2. ■ 

The value of the exponent h iu the low-pressure cylinder 1 
is calculated from the formula — 

_ log j'l ~ log y'a 

log ('3 — log Cj' 

where ''j is the length on the diagram between the ioet o 
the compression anil eipanBion ciirvea, and p, ia the !ei _ ' 
mensureil parallel to the atmospheric Hue between these, 
curves from the higheet point on the expansion curve ; while. 
■pj must then be chosen as the pressure correBponding to thL«. 
point, aud /'. is the pressure at the foot of the compreBai»-K) 

log 40- 2 - 1og U-7_ ,.^^ 
Iog90-g - log 41-25 " ' 

mean x'nlues of pj, p^, i\, Wj being taken from the t^ 

diagrams. 

In the high-pressure diagram we get 
^ log 85- 2 - log 39 ^ 
log 90 - log ■^5 
The following dimensi'^na of this engine wil 

interest : — ■ 

Piston-rod diameter 126 nim. 

Tail-rod diameter 115n: 

Crosshead gudgeon (iiameter ISOm 

Bearing length 260 va 
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Length of connecting rod 2,500 mm. 

Diameter at small end 120 mm. 

Diameter at large end 150 mm. 

Overhang of crank 630 mm. 

Diameter of journals 325 mm. 

Length of journals 540 mm. 

Diameter of shaft at flywheel 430 mm. 

Length of flywheel boss 600 mm. 

Diameter of crank pin.. 190 mm. 

Length of crank pin 270 mm. 

Diameter of flywheel 5,000 mm. 

Width of rim 300 mm. 

Radial depth 300 mm. 

Number of arras 8 

Centres of cylinders 4,450 mm. 

Diameters of side shaft 80 and 90 mm. 

Diameter of mitre bevel wheels 640 mm. 

Diameter of high-pressure steam and exhaust 

double-beat valve 180 mm. 

Diameter of low^-pressure steam and exhaust 

double-beat valve 290 mm. 

Diameter of high-pressure steam pipe 175 mm. 

Diameter of high-pressure exhaust pipe 200 mm. 

Diameter of intermediate receiver 835 mm. 

Length of intermediate receiver 2,540 mm. 

Diameter of low-pressure steam pipe 275 mm. 

Diameter of low-pressure exhaust pipe 325 mm. 

Diameter of low-pressure air cylinder suction 

pipe 300 mm. 

Diameter of low-pressure air cylinder dis- 
charge pipe 275 mm. 

Two intermediate receivers — diameter and 

length 575 and 4,200 mm. 

Diameter of high-pressure air cylinder suction 

pipe 225 mm. 

Diameter of high-pressure air cylinder dis- 
charge pipe 175 mm. 

Thickness of high-pressure cylinder 30 mm. 

Thickness of high-pressure liner 35 mm. 

Thickness of high-pressure air cylinder 25 mm. 
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Thiokneas of high-preasiire air liuer 32 n 

Totil length of low-prfasure air valves 1,000 n 

Total length of high-preMsure air valves 605 H 

Number of pasaagea !□ low-pressure gratings 40 

Area of each paasage aiwut 33 x 42 d 

Number of openings in high-presaure gratings 30 
Area of each paasatre 37 x 30 n 

The steam valTea are double-beat, and are actuated by 
eccentrica from a aide ahaft. Eke h cylinder haa fourvsilvea — 
two admiaaion above aui! two eshaiist beneath. A trip ^eax, 
is used, the cut-off iu the low-pressure being adjustable hy 
hand, and that in the higb-presaure being controlled by thct 
governor. 

43. TAe Boreas Ah- t\;,ij.refsor, cimstnicfed !>;/ 
Alley and MtifLrlhin* — 'I'tiia is a two-atage compreaacr, 
The air enters the upper end of the cylinder through valve*: 
in the cover, fig. 164, on the down stroke, and is discharged 
on the up stroke through ralvea at the aide, flg. 165, into & 
long pipe, which forms a receiver and interooolei: between 
the upper and lower aide of the piston. As shown in fig. ■ 
163, this pipe ia immersed in a tank iu the base of the \ 
machine, which forms a reservoir for the water circuldted 
through the cylinder jacket The lower aide of the piston- 
has a trunk, so that the air is again compresaed ou the dowx3 
stroke, the auction and discharge valvea being shown \v 
fig. 165 at the side of the cylinder. These, as also the 
discharge valvea for the upper aide of the piston, are coxi- 
tained in boxes quite diatinct from the cylinder proper, OiXid 
are readily accessible for inspection and renewal. The cr«.iik 
is lubricated ou the splash system, and is completely 
enclosed. Other working surfaces are kept oiled by s 
system of forced lubrication worked by the small pumi) 
without valvea, which is at the right end of the crank shaft, 
This draws oil from a well in the casing through a filter, and 
delivers it to the different bearings. The oil ia returned 
again to the well from oil catchers. In order to regulats 
the machine there is a pneumatic awitch, adjusted for any 
desired preaaure, which, when this pressure is reached on 

■AVinMrinfF, Octobet Jtb, IMS. 
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the receiver, turua the nir discharged from below the piataij 
buck to its upper side, so that the air siDiplj ciroulittsM 
through the machiue, no work beiug done except thafl 
neoeBsary to overcome frictional reaiatancee. The pressurtS 
is thus very cloaely regulated. 

44. The Brothfrho„d Air Compremoy.—Tig. ] 
front elevation of a amali compressor coiiatrucied hj this 1 







of l25 atmoapherea. 
are two steam cyiin 



k 



pressing cylinder, and B are two steam cyiindara. Then*^ 
of the air cylinder is attached to the centre of a erossheiv!, 
to whose ends the ateani piston rods are connected. TliB 
croashead la guided vertically by four guides G, which also 
form the engine ooltimuB. The conoacting rod. drives the 
crank ahaft, upon which are two flywheels, and the valves 
are driven from pins on these, Fig. 16T is a aectionnl 
elevation through the air cylinder, by which it will be seen 
that the compression is performed in three atagea. When 
the piston D deacends, air is drawn in above it through the 



AIU COMPKESSOliS. 



vilvB in the covei-. On the up stroke this air passes through 
''ulves iu the piBtoii into the (inunliir npiice A, so that, its 
•oliime being reduced, its pressure ri.si 
stroke it ia comiiressed in tliis aniiuJiii- 




If """u paasftgea M into the anniiliir spiice above the piatou E, 
*> that its pressure is stili further increased. On the uj> 
stroke the air ia still further compresaerl and passes the 
"' ~6 K, and flows in a spiral tube L, wbiuh is enclosed ni 
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^^^^H T. This type is cnpnble of compressing 10 cubic feet 

^^^^H jtir hour at a. pressure of 100 iitmotipherea, and weigbi 

^^F 5 owt. A ]arj:er oue, lig. 169, with two compp 

m cylinders, hfls a capacity of 30 cubic feet of compreM 





ft^" 


1 




L^^^^^^ 



per hoiu, and both c 
of 2,500 lb. per equ 
ulao conBtructed, 



, if necessary, work up 
■ inch. Three-cylinder 



ip toam 
ier esgi]| 



■ Compressor!, constnteUd i 
Alleff and MacLellan of Glaigote. — Through tl; 
of Messrs. Alley and MacLellan we fire able t 
their Jatest improvements in this type 
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'ITO shows an outride view, aiid fig. 171 & sectioiml 
olevation of their aeries B two-stage vertical type, fitted 
"ith intercoolera and foreed lubrication. In fig. 170 the 
unction port is visible in the oentre of the top, and tlie 
"iisdiHrgB to the left. It will be seen from hg. 171 tlint 
the piston valve lias three pistoiis ; on t!ie down wtroke 
itf the main piston the piston valve is al>ove mid-stroke aod 
i' odniitting air to the top of the main piston from the space 
fietween the top and middle piston valves wliiuh itt in 
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innectiou witb tho auctiou port In the annular apace 
llow the main piston the air is being corapreased, and 
'lien the valve has risen sufficietitly it flows to the B..V. 
llBcharge valves, lifting theae when compressed to the 
iservoir pressure. The piston valve closes the diccharge 
ttrl jaat at the end of the stroke, and deaaending further. 
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forces the air beneath it through the discharge Talves ; 
the same time these latter are seated very quietly becausa 
thoy have beneath tbem a cuahiou of hleili-preaaiire air, 
the up-stroke air is forced from the large space above the 
main pistou into tbo auuular space below it, to reacb wbicl 
it bas to pass through the intereooler b eaeath the engine^ 
which consists of pipes immeraed in a. reservoir of watery 
from which that used iu the cylinder water jacket is drawor 
LubrioatioQ is effected by means of the force pump at tha 
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a k h ft Th type is constructed iu 
g f m 100 t bOO cubic feet of free «ir 
s All y d M Lellan also make 'tbttt 
w th t three cylinders deliver- 

1 t ty f The valves in fig. 173 

t 1 b t tl typ shown in fig. 172 «r« 
of steel, drop-forged, 
) f. Fig. 173 shows th« 
d 1 the arrangement of 
1 On the left of lU* 

d thottle valve, throug k 
f rt must pass to rew;'* 
1 raised or deprease** 

t p f which is a pistol*' 
1 by a spring, bo th»** 

t derueatb it the throttle 
^ the pressure in tt*^ 

t esceed that require 
p uve under the conti" ' 
t tl 
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^jiutable leak screw. Bat wheu tbe preaaure rises above 
this tbe air governor admits air underneath the control 




P'*'on and raises it, thus closing the throttle valve, so thnt 
^ Only work required to drive the machine is that needed 
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to overcome friction. The air governor is ahown to a larg 
scale in fig. 174 ; it cousiata ot a flesible copper diaphra^ 
held between the two parts of the casing and loaded on t 
top by an adjustable spring ; the function of the bolt i 
centre is to reinforce the diaphragm and t 




tranamit the load of the spring to the small valve 
bottom with a couical bend ; the connection with J 
receiver is on the left iu fig. 173, and on the right inu 
174, juat above the vidve. When the pressure rises f 
above the normal ihe diaphragm is raised, and the i 



lifwd by the spring beneath ; air then flows untlerise'it!] 
tbe control piston and closes tho throttle valve. In the 
steam driven or " Series C" compreaaors, a further coii- 
Qution from the air goveninr <iontrols an equilibrium 
throttle valve on the steam inlet, which closes simultaneously 




*" the air tbruttle. A hje-pnsa is arranged which supplieM 
^ffioiant steam to keep the mnohiue rimniug li^ht until the 
tti and air throttles re-opeu irnd the load is reautiiad. 
, J ensures the economitnl running of the eompressor 
'Sther light or under load. Fifr. 175 is a sectional 
''''ayon of a series D compound doiihle air compresaor with 
"^ta cylinders 13in. and 20i!i. diameter, air cylinders 
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11. diameter, with a stroke of 10 in. The piston rods s 
n. diameter, the crauk-sjiafc is 6^ in., and the crank pii 
6i iu. long. The cranka are Bet'ftt 180 deg. The atew 
vea are piatoii yulves. The speed governor is ou the Is 
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the 


of the ahaft, hut in atldifwii to tiiis, in the left-bsj 
er corner of the figure, is the nir governor for sbuttij 
steam, except that throujzh the hye-pass sufficient to kiS 

engine in motion. When the required presBore ■ 
uhed this Talve is ahnt down hy the control, ■« 
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immediately after the air auction la ahut off. On the 
pressure again fulling the steam equilibriuiii valve opena 
lirst, ranning the macliine np to speed, and then the air 




iRing up the compresaion again. Fig. 176 
Hhowa a Beries J air corapreaaor. Tliese are niade of the 
following capacities in cubic feet per minute ; 500, l,'20O, 
■1.500, 2,000, 2,500, 4,000, and 5,000. 
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I Wliere only a Btnall amount of oompraaaed air is requin 

I or where it is not constantly uaed, or for low-pressure wo 

K Mesara, Alley nnd MiiQLellan recommend their " Senti 




Junior" siuyile-stage ftir ci 
in fig. 177. The machir 
pistons are single-acting. 
those shown in fig, 172, a 



mpresaor. One of these is 
J is completely enclosed, and 
The valves, which are simitBl 
■B placed in the cylinder cover ( 






It2& X^ -X. iH »-:i; 



t^Kae K» IE imnur iirri-3r 
tor Ti^ jTiY'r lesnzs 








^on of that &lrafciT Lfsi^rTieL T-iif iiiiir.. t-.^tjc >._:;; <o . v- 
^% ITS- Wbcri "iLi* :* 5f:T=iSs.T*i :j lz Trr-sf-rz : :-:•;> 
^Pen two air inkc xili-e* ":t nievz:* :: -ijf tv-. , .-.. *v v. ,.;^ 
^fexwd to it. TL:i* lir MnT-:i?<>:r .-.-_t.- :.;■* :: r.:., 
^^thout doing any ^i^-k. ^~l-z .: 5Tii:'>f ir^T^v.:* :>.; 
^^^ription of seTcral t?ihrr -nrtr * : .: .- : zi : r-:>s.: r .•': :.$: r,: .' : i^l 
y this firm. 

yig. 179 is a diagrsLm frr-m i tT>x:.\^e .^::v.*.>r;;^or of 
^^8 B, taken at 225 revolutions per niir.ute. Th? r^wiNov 
"''^^uie is 100 Ibu per square inch ac.i iho s.'ii'.o :s ^ J^.. 
»,.^6. High-pressure Air C:;.ir •;>.< \ '; MM. F'.: . 
i*^«, Plaine St. Dtnit^ Pari^* — Fiir. ISO is a siviional 
I^^Vation through both cylinders. Fiirs. ISl and IS. avo 
^o sectional elevations through the siuall and lar^o 
blinders, both at right angles to the shaft, and tijr. I S:i is a 
^^tional elevation through the large cylinder. Tho oo!n 
r^^ssor is intended for a pressure of 1,130 U>. per mumro 
^^^b, and the air is compressed in four stagon. On <h«» 
^^'wn stroke of the large piston the air is tirawn into I ho 
^^linder through the eight valves K, K, lig. IHM, in Ihn 
^^ver, which are closed by helical H])ringH. A Hpray (»f watm 



* Frum the itnymen*, March Kllli, IHW4. 
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a introduced at the Bftme time, and a amall qtiantitjf of'i 
a drawn in frora the luhncatar ^Vhen the piston ascsn 
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BO that compreasiou goes on with dimiuiahing volume uiitii 
the end of the titroke, when the preHBure is about 57 lb. On 
the return stroke the pressure is raised to 1421b., and the 
air ia forced into a coil of pipes counecting the large with 
the Hmnll cyliader, and as this is in a, tank filled with water 
which ia kept in motion hj a pump, the air is cooled before 
it enters the small cylinder by the central valve at the top. 
The air passes through the valve in the small pistou ou its 
lip stroke into the annular space beneath, and its pressure 
is then nused to 4301b,, and on the retttru stroke it is dis- 
charged at 1,4301b. It is to be noticed that the water 
introduced into the first cylinder passes through all the 
stages, and is always above the valves. It ia claimed by the 
makers that this ia a feature of considerable importance in 
high-speed machines, because there is no danger of knocking 
a cylinder end out, or breaking the piston if too nmch 
water should be admitted. These compreaaors are apecially 
designed for charging torpedoes, and are used in the French 
Navy, The leading dimensions of the machine shown ore :— 

Diameter of large air piston.... 210 mm. (^■26in.) 

Diameter of trunk 180 mm. (7-1 in.) 

Diameter of small piston 66 mm. (2'S in.) 

Diameter of trunk 55 mm. (2-17 iu.) 

Diameter of steam pistons ISO mm. {7"1 in.) 

Stroke of all pistons 150 mm. (5-9 in.) 

A general view ia shown iu fig. 184, in which it will be 
seen that the air cylinders are at the top and the steam at 
the bottom. The steam pistou rods are connected to tha 
air trunks by means of two rods and two crossheads, anil 
the crank shaft is driven by two connecting rods fasteued 
to gudgeons in the air trunks. The valves are driven by 
eccentrica on this shaft, and the circulating plunger pump, 
which is to the left of fig, 184, is also driven by it by means i 
of two connecting rods and a lever. Another size, intended 
to discharge 17"65 cubic feet of air at !,4001h. pressure, has 
the following leadii 
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Diftmeter of large uir piston.. , 7§ in. 

Diameter of trunk fijio. 

Diameter of email pistou 2fin. 

Diameter of trunk lir''*' 

Diameter of steam piatoun 6Jiu. 

Stroke of all pistoua i^'ia. 

R«volutioiiB per miaute 300 to 350 

Steam preaaure,... 43 lb. to 71 lb. per square inch. 

47. Air VomijrtfM07- CfftiiuUr, v-tstnu-ttd Inj iht 
AIIU-V/Ki/merr V,,., MiU-aukee.—'V]\6 inlet valves m A 
the Corliss type, and the dischar^ are self-acting. Th<' 
wheel at the side is driven, by an eceeatriu rod, whose enii ii- 
attached to tlie pin, which in flg. 1S5 ia at the lowest point 




of the wheel. The coimecting link Evud valve levers arel 
set that their motion is very small when the valva is closet 
i.e., wbeu pressure acta upon it, so that waste of power b 
friction is mimmised. The valve is balanced when closed. 
small passage above the suction connecting the cylinder t 
a space at the back of the valve. The discharj^e valve haSj 
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sphericu! seat, and is guided by a. projection on the cover, 
vhiob also forms a dnshpot, cuahiouing the opening of the 
nlve. There ia also & central aptiog fitted in a cylindrical 
me with the right end cloaed, which presses the valve on 
its sent. 



I'HAPTER VI. 

48. VoaOIr KUy llk'Uei- Air t'»«(yJ7-t!«»'-J-.*— This was 
uonatructed by Measra. Fraaer and Chttlmere, of Erith, in Sep- 
tember, 1901, for the Powell Duflryn Steam Coal Company. 




is oapacity is 8,300 cubi:; feet ol" free air conipreaaed in two 
to 60 lb. pressure at 70 ruvolutious, with a. boiler 
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preBsiire of 95 lb., and an indicated horae power of 1,050. 
Figa. 186 and 187 ahow that it conwate of two compresBora 
Bide by aide, with a fiywlieel between, whose diameter is 
16 ft., and which weighs about 16 tons. Each half can, if it 
is desired, run independently of the other by uncoupling the 
connecting rods. The ateani cylinders are ^3 in. and '68 in., 
and the air cj-lindcrs 23 in. and 37 in., the common stroke 
being 48 in. All the air pipes to and from the cooler are 
fitted with Hopkinson's gate valves, so that either aide may 



isgn 




be rapidly disconnected and one side run alone. The crauij 
are set opposite so that the engine is balanced, and the tri- 
angular connecting rod not only reduces the height of the 
engine, but also givea as vmifomi a turning moment for eaoh 
half as would be obtained with two cranka at right angles. 
Fig. 187 shows the connecting rod very clearly. Shoes 
the lower ends of the two piston rods slide in single guides 
and are coupled by short links B to the bottom angles oft 
igiilar frame C, of which the apex ia on the crank of tie 
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flywheel ahaft. A pivoted radiua link D is oounected 
middle of the bnse of the frame so that the linkage practically 
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hov the 
rlindcn b^ 



^*ii.j 



'Sft jnr. 




Fjx. lirL 



has been supported r j 'z«x£it ,:u:i£.' 
The lower coTcn >:aa. t««p^ le 
examined. The Tirr*» \n z 
tnechanicallT concnuai. Tiisr* 
ieliverv valre in each trr^^ 
The valTes for die bisik p»snr» 
92, 193, 194, and '15»5. tbr -^ 
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FiO. 194. 



Fio. 195. 



valve and the two latter the delivery. The inner diameter 
3f the outer seat of both is lOJ in., and the outer diamotoi- of 
:he inner seat is 5f in. The same dimensions for the low- 
pressure valves are 15^ in. and 9iin. The latter are vt^ry 



p cant} «f -sbi 'I-icu* -'»- lou ^ 

ceiTer. A ^i^m. IL m : 
ikvorlk viOi -Silt ji>- 




a comparatively looselj in its cvlio-ter A? th.? pn'ssi 
aes in sKceas of that required, fur which the s|iriiij: 
Ijuated, the piston M rises and cuts off steiiin in I 
anner already explained. If the pressuro were siidiioi 
duced, e.ff., by the burstinfr of it main, the ciimprossoil 
hich has collected helow the plunger E will ft>reo it up, n 
f means of the linkwork I H K, raiae M, cutting ntlatw 
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einiikr in conatructiou to the former. The lift of the high- 
[ireeaure valves is IJin. and of the low-preaaure 
spriuga are used, ao that Bitremely little force ii 
open the viUvea, and they nre closed a: 




and 197 : the former showing the tappet uctiug npoQ tfairfl 
upper flange of the auction valve, and the latter the same fori 
the delivery. Tbeae tappets are oatiilated by means of tb»-l 
Corlias gear, fig. 202. The tappets do not control the motioa I 





k 



while the valve is opening, but shortly before it should closejn 
the tappet bringa it very close to its seat, ao that when it 
closes by pressure it does so without shock. Daahpota are 
fitted at the top of ea3h valve, ao that they open without 
ahock. In the delivery valves the air discharged at tha 
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T seat eacapes thrtMgb the punge fonued i» tbe jniiite. 

11 these valres care ia taken to ensure efficient lubrica- 

Oil ^pes are oonnecwd up to the seata, and throui:h 

3 oil is forced under presanre from a speciAl oil pump 

;ii from the engine thaft. The air piatoos »re nf c-ist 

, fitted HJth spir&l springs, and the air cylinders nre 

water jacketed bj means of a hner forced into the Inrrel and 

Becored in position by copper rings canlked iti place, ti^. 

198, 199, 200. and 201. The outer jacket is provided with 

mber of hand holes for scraping and cleaning out the 

' water jacket space. The cooler, which is common to iKith 

r odes, is placed under the floor, and consists ol i Iwiler 1 1 iti 

t shell having J in. brass tubes, through which water oifLiiUtts 

Cast-iron pipes connect the air cylinder to the coilor t \<.h 

engine is tiontroUed by a Whitmore combined nir ani xpetd 

governor, hg 204 The two governors are oiuiottcd 




I together when both engines are running. They tire ileni^ued 

rto control the engine accordmg to the nmoiuit of iilr rG<|iilred, 

W iDd to keep the engine running at its minimum spoud when 

I ho air is needed. Again, should more air he re<|uired thitn 

rthe engine can deliver, the governor will prevent it from 

[ exceeding its greatest speed. As shown iu lig. 202, the 

governor bar is connected at one end to a Inill governor, tig. 

204t ftnd at the other end to an air prosiiire govorniir, fi)(- 

203, Increase of speed or air presnure ralseii the free end of 

B governor bar. Thin motion alt«rn the poe"' 
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ex.tctly as hefonr. The steam vulva gear ia Jleynolda' Corlia 
^ear, with aeparate eci:eutrica for the esh&UBt mid ateaU 
valves ; fig. 202 aliows the maimer iu which motion ia taken 
from these. We have already statfjd that the I.H.Pi 
developed was 1,050 at 70 revohitions to the minute, their A 
Iteiiig compreaaed to 601b. pressure or T-l'Z absolute. Thd 
statemeat that 8,300 cubic feet uf free air ia compreaaed pel 
minure impliea that the volumetric effii/ieocy is umty. 
Asaaroing this, the ideal horae power required to uompress 
to 7-t'r or 5'1 atmoapherea iaotViermally ia 

HP = U-1/., f,hyp. I.ig>- . 
33,000 
^ ]4-"x2x.^7-x 7 8-14 x « « 7 hyp, log. 5-1. 
33000. " " 



= S70. 
The total efficiency 



-"'- 1050 -"^ '»"'"■'- 

Even if we assume a volumetric efficiency of 90 per 
which is rather lower than we should expect with auck 
valves and the probable umallneaa of the clearauce, tbia only 
reduces to 

ij, = -9 X S3 = 74-7, 

a very good result. With a volumetric efficiency of 95 pQ 
cent, thia becomes nearly 79 per cent. 

49. Cuuipniind Air Cunipressnr leith Aftc/ianically 
cimtrullf.d Valve».* — This engine ia conatructed by the 
Philadelphia Engineering WorkB, of Merlin Street, Phila.— 
delphia. It conaiata of two air cylinders of 23 iu. and 38 iffl- 
diameter, whose pistons are driven direct by those of two 
Bteani cylinders 22 in. and 40 in. in diameter ; the stroke * 
48 in., and the boiler pressure 125 lb. The engines ni 
horizontal, and they are arranged a^ usual, tandem fashioi 
the tfl-o high-preaaure cylinders being in line, and also t 
two low-preasure. The crank ahaft carriea a flywheel 20 R 
in diameter, weighing 54,000 lb., and the craiika are at righl 



CotUas gear, bm w< imaii k. camatt :• 
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air cylinderB. The high- pressure cjlimter ciistiii); in bIk 
in flgs. 205 and 206, from which it will lie nceii t.hikt t.hi<r 
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a water jacket ; the lon-presaure is ttimilar in deeign. The 
cover, figs. 207, 308, and 209, shows the val^e caainga and 




wrangement of paaangea, while fig. 210 is a sectional eleva- 
tion of the cylinder and valves, the lower buing the auction 




**'4 the upper the discharge valve. These are operated by a 
*fiBt plate, connecting rods, and ievers, Bg. 311; bnt while 
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the motioa of the suction valves is entirely dependent iipoo 
thiit of the wriflt plate, the motion ol the diacharge valvea ' 
dependeut upon the uir preasure in the cylinder. The 
valvea are shown in tiga. 212 and 213, the first showing the 
discharge and the latter the suction valvea. Figs. 214 and 
which the discharge valve is 



poo I 
s is 1 
rhe 1 




opened. In fig. 214 there ia a trunk piston, connected by 
link to a lever, which moves the valve. The lever is uoti 
however, directly counected to the valve, whose stem caa 
rotate in its boss through a small angle ; the trunk piston 
connected at the large end to the cylinder, and on the 
annular surface to the pressure pipoa, ao that the valve 
opened slightly before the pressure in the cylinder reaches 
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zhai in the pipes. The opening of the vaWe is shown in fie 
215, the part of the valve over the passage being dotted 
Near the end of the stroke the wrist plate forces the valvi 
hack again to the cloaed position, and the valve remain 
thus beeaiiae the pressure on the annular aide of the troaj 
piston is greater tbnn that on the side connected to t 
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cylinder, in which the preaaura faiia to that of the auction. 
Figa. 216, 217, aut! 218 show the air cyliailer diagrams, the 
oombiued ateam diagram, and the combined air diagramB. 
From these it appears that the air waa contpreased to 




11171b. abaolute, while the steam pressure was 1281b. by 
gauge. The mean load on the two air pistoua was 39,613 lb., 
vhile that on the steam pistons was 43,316'51b., showing a 
mechanical efficiency of 915 per ceut. The meau prssaurea 
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ill the high an<l low presaure air cylhiders were 43'2 1 
19'4261b. per wniare inch, which, as the piaton are 
41025 aad 1,1285, gives a mean effective preaBiire le 
to the low-pressura piaton of 35-1 lb. The toIui 




efficiency of the low-pressure cylinder appears from fi 
to be unity; eonsequeutly the ideal mean pressure 

p. hyp. log. '— ~ 14'7 X 2-3 log. 



P-i 



80 that the air efficiency 



L^ 



. 14'7 X 2-3 log. '^^^y 
= 84-6 per aetit, ^^^H 
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aud tlie total efBciency of the engiae ia 

91-5 X -846 = 77-4 per cent 
The revolutions are 63^ per minute, so that the piaton aj 
ia 508 ft. per minute. 

50. Air Compresior by M. Jusepk Francois, Seraii 
Figs. 21S) and 220 show a sectional elevation and end i 
partly in section of an air compressor for working rock driU( 
The delivery valves U, D are conical, aud are controlled 1 
springs ; there are two at each end of the cylinder. Tb 
auction valves, of which there is one at each end, are all 
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conical, with horizoTital axis, and are pressed on their seats 1^ 
springs. They are opened by levers H, I, connected by a 
K and pivoted on axes E, V, and these levers are made to 
oscillate by being conaected to the eccentric that drives tht 
distribution valve. The piston is moving to the right, a) ' 
the left suction valve is held open by its lever. The leMP 
probably opens the valve at the beginning of the stroke, BU 
holds it open until near the end, when it is almost closeii bf 
the Hpriug, ftiid of course at the end of the stroke it if 
closed entirely. In the paper from which we obtain ou: 
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atth-f rtr-. "— - - • i;:.. ::._>> r ^ ::^ ._. -__- 7- _ 

darr.e'er .c T.iii v. -id .-".: =i" _ " ' " -- 

cyiinier ii ll'r'. ii.. -l^ ^r •_- - 1_ ... :_: - -lT- 

speed <j r^'^.i. in 'ii .*l "-^ -.:-•.■' ^ 

power > ;:. L1.L ~LIsr t>:^-.- __- -— - -:■ — 

6601b. Tifz ni:ij:L iii . ur - .i_ . -: ■ -- . --. - 

ind th-r l*-rr 1- ir r.- d ..-. :? -__- _- -" — : -— - 
is a piar. izii "iirt r^-.- ^1 - - - . -.. _ 

51. ♦. ;. .■ ' / ^ 

Co., (."■■?■'«.''*' — r.i*i .isa*:::i^ : "__.-f: . _ — ' — '-'■ 

which !. IT T-sre i-'-tLrvr"!-. ■.'.-•: : .* '...-r il".-.^'— - ~ ^ - 
de I'Air C".:izrj=>r. hn — 

Diameter :•: ^ -^a " sr^L.Ti r- ... . - ■ -— - 

Diameter ■>: jkTj* •r:ji4d :-..-l:-:l" - '• — "— '*. - 

Diameter 0: 1 : -w-z^r^r^ zitz :■: ci : : ^-r- . r?, . . . ■ . i. ^- - . -■ 
Diameter of Lizii-z r=*- u-t .• . >- '. cr^. •■ rr ' • . : _ — 

Stroke '.-.•. :-.*_. "j '- 

Diameter of nTTi»te".- ... .■'.■-__. >" 

Diameter of air pri^iis ?.■.:_•_.--.' -' 

Stroke of air p'irr.i** ?'.:_•_ - . ^ -v 

Diameter of intenn-siiiiic r-r-^rrr. r= .".:..:_■— '. 3 ." 

Length of interme lia** r-rs^rr . :r» . . . ...... ::.-j- '-'*'•' 

The normal indicated Ljr^r i-:^fr ■«■,* i.'>.-' .v: v.' v*?vo.: 

tions; the air pressure, rv j^v^-e. 113 S lb. ivr s; i.uv iuoh ; 

and the boiler pressure 170 '7 lb. i»er s .uAre inch. 

The engine is shown in tijs. ^221 to *J-Jr\ It is vertioaU 

direct-acting, and there are three cranks ; tho air oyliiulovM 
are placed above the steam, the hiirh-pressurc boiuir in liius 
and the two low pressure air cylinders Umu^ above tho inter 
mediate and low-pressure steam cylinders. The air viilvim 
are mechanically controlled, and those of the steam evIiuiltu-.M 



.^ •' 
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■e of the Corliaa type. The engine ia controlled by varying 
le cut-off in the high-pressure ojliuder ; that in the inter' 




mediate and low-presanre is varied by hand. The gove 
pTGTen^B the speed eioeediug 72 revolutions per minute, 
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to prevent the air preaaure riaing too high, a special governor 
akckeDs the speed when the pressure paaees 113'tJlb. per 
square inch (8 kilogrammes per square cm.). Both governors 
act ou the same expansion' gear. In lig. 222 it will be seen 
that there is a bevel wheel at each end of the main shaft 
driving two vertical shafts, which, by means of a pair of bevel 




wheels at their upper ends, drive a horizontal shaft, upon 
which are keyed eccentrics whose rods drive the wriat plates 
of the steam Corliss gear, fig. 225, The air valvea are 
operated by oama upon this shaft, figs. 221 and 223, the 
valves themselves being of brass with indiarubber flaps, as 
shown in figs. 226, 227, and 228, the first, fig. 226, being a 
suction valve in half plan and section; fig. 228 a section 
through a delivery valve, and fig. 227 a plan. The 
mechanical control in no way affects the opening of the 
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valve, but near the end of the stroke briuga it close to itM 
seat, ao that it olosea without shock wheu a reverHal of 
pressare takes plac«. The coDdeosem, air, feed, and drain 
pumps tire below the eugiDo room floor level, in a spaoe 
12 ft deep, well lighted, and free of aocess. There are two 
single-acting air pumps, each a little more than one-sisteenth 
of tlie volame of the low-preaaure cylinder, worked by cast- 
iron levera driven by the nam,]] and intermediate piston rods.. 




Air is drawn in through tlie louvres ou the roof, which are in 
commnnicntiou, through the box girders and hollow pilli 
that support them, with the two low-preasura compreasinf 
cylinders. Special pumpa with valves worked mechanioally 
on the lliedler syHtem, and independent of the main engine^ 
deliver the water necessary for cooling the air in the com- 
pressors tiod intermediate 
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Several efficieucy and coal consuniptioD trials wei'e made 

Irith theae engines, in one of which the indicated horse 

was 1,996'5 at 59'635 revolutions, with a boiler 

i of 157-:ilb., a jireaaure in the high- pressure valve 

bast nf IIG'4 lb., and an air pressure of 102'4 lb, per square 

1, If the volumetric efficieucy of the air cjlindera had 

Q given, this would have enabled us to calculate the total 




•fficieney of the engine. The clearances are undoubtedly 
*tiiall, and with mechanically-controlled valvea the admission 
•ine ia very little below the atmospheric, ao that the volii- 
•iietric efficiency cannot be much below unity. Taking this 
^Value, we have the ideal horse power necessary to compress 
I 103'ilb. above the atmosphere, or llT^l absolute is 



Air horse posver - 



^ H-t;)jV, hyp^og. r 
33000 
^li'7 X 2 X -78J> 4 X (4S j)° x R51 x 59-035 x 2 x 3-3 log.7-975 

~^ 12~x"3300a 

> 1485 at 69635 revolutions. 
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So tilut the totftl efficiency is 

1465 -, , 

y. = = 74'-( per csDt 

' 1996-6 ^ 

The volumetric efficiency is certainly not less than 95 per 
cent, which would give a, total efficiency of 71 per cent 

B2. Air C'ompregsnr, with Eqiialimttion of I're.fsure at 
t/ie End of the Stroke.* — -Thia compresBor ia conatructed by 
Hesara. BichardHOD, Westgarth, and Co., of Middlesbrough, 
and is principally of intereat as its valves are constructed to 
produce equalisation of pressure at the end of the stroke, 
and BO increase the volumetric efficiency. The slide valve 
resemlJeB very closely the diatribiition valve of Meyer's 
expansion gear. It <iarrieB on its back another valve, which, 
however, moves with it, and is held down by a spring, rising 
when the pressure in the cylinder is slightly in exceaa of 




that ia the vaive cheat The air la admitted at the port, 1 
which in a steiim cuKine is usually the exhaust, and i 
discharged through the two vertical passages at the end of ■ 
the valve. Fig 2S1 shi)WB admission taking' place on thsf 
right of the piston, the air is piaamg through the middle J 
port, and over and under the small central valve within thtt | 



larger valve. Discharge ia taking place through the left- 
hand vertical passase in the nlide valve, and the upper viilve 
is raiaed, i"ig. 229 shows the piston i^lose to the end of its 




stroke. Discharge baa cej^aeil, as the iiifht-haud vertical 
paasage in the slide valve la nun closed, and equalisation of 
■preBSure is juat about to commence, while admiBsion on the 




t of the piston is just at aa end. Fig. 230 shows eqnall- 
^oa taking place, admigaioo and discharge being both 
osed. This construction provides a large equalisation 
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passage, which cannot become choked. fig. 233 shows 
verticil! cyhiider aud eqaalisatiotk valve in which two flap> 
valves are fitted. 

53. Messn. Hughes and Laiicanter'n PaUat GlandUtP 
CiitUm Valvet. — Fig, 233 is a side elevation of the com.- 
preasing cylinder, and shows the manner in which the valve* 
are driven from the eccentric. The end of the eccentric rod 
is on the left, and a coupling rod oonnects the two valvA 
cranks, of which one, T, is aeen on the right. There is only 
one valve at each end, V, fig. 235. The piston is moving to 
the right, and both valves are turning counter-clockwise 
the left is admitting air from the suction pasaage A through' 
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— i — 
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the cylinder port G, and the right is connecting the eylindef 
to the space D in the valve, but discharge has not yet 
commeneed, aa the non-return valve H, fig. 234, closes t' 
pasaage to the discharge F. The piston ia, in fact, in su 
a position that the air compreaaed in the clearance h 
expanded to atmospheric pressure, and as the delivery lap tl 
equal to the admission lap, the valves open simultaneoualj 
The valve diagram has already been discuaaed in Section 1~ 
iig, 13, for the motion of the valves V, V ia approximate 
harmonic. In that figure cn,vr are the admission and delivc 
laps ; admission commences when the cr^nk is at c y and enc 
when it is on the dead centre c h, tbe eccentric following t^ 
crank in the direction of the clock, the angle between the; 
being a c d. On the next stroke the valve opens the deliva 
paaaa^o D when the crank reaoiiea c (, which is gc produce 
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no that admission and tha opening of the delirery pasaigol 
occur Himultaneouaty. The delivery passage is cloaad at 
dead centre c<i, and the valve H returns to its seat withant 
whock under the force of tbe spiral epring, the pressure on 
both sides of it being the aame. I is a daahpot for the valve ; 
H and J are passage!) allowing the air to escape from it 
Tbe valve lever T is shown in section on the right of 
£g. 234. K is the intermediate piece of au Oldham coupling 
and L is tbe driving fork. As the air pressure prodi 




thrust to 1 ie right, tha valve spindle is fitted with a thmBt- 
piece V, nbich is lubricated through a small bote in tlw 
centre of tile oil piston N, the pressure upon which balanoM 
the eud thKiat of the valve. M is the balance cylinder, 
supplied wifh oil by tbe oil reservoir R, to tbe top of whioW 
air presBuite is admitted by tbe pipe S. The FidvantAge*] 
claimed foit these valves are: (l)Thatth8 valve is opened " 



idtfiJ 
hioha 

1 



closed meefaaiucallT for -Mcdiin. Tniiza ir.iiia tzix ira'»tiiK 
uid pieTenQ aor iumkae^ luc ine ~^'^ ic tni: -gut ic 'ae 




clearance ia small, being not more than 1 i^er oeiit of tlui 
^D^liDder Tolume in large sizes, so that a IiIkIi voliimetrlo 
efficiency is obtained. The air imprisoned in the OorUNii 
toItc passage D does nut affect the volumotriu tifHoiuiiay, 
as it is oqIj let back into the cylinder after the oomprtwiliin 
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stroke btis commeRcsd. (-1) There is no jar or knock iu 
valved, and the runuing is eitremely quiet at all apeeda. 
Very Ligh speeds are obtaiuable : e.y., 450 revolutions with 
ftn 1^ in. stroke, or 600 ft. of piston speed per minute, which 
is very high for such a short stroke. (5) The small nurobor 
of valves makes their upkeep small, and there is a smaller 
uumber of moviug parts to get out of order. (6) There is 
no glaud to pack, and the valve is in almost perfect equi- 
librium, and the lubrication perfect. The OMham coupling 
allows the valves to follow np their wear with certainty. 
(7) Both body and about three-quattere of the end covers 
are water jacketed in the spaces W W, and the air at inflow 
does not come in contact with any heated surface till it 
reaches the inlet valve. (8) Should the valve go wrung, 
there is only one cover, which is held down by four studs, to 
remove. The engine can lie stopped, the valve taken out, 
examined, replaced, aud the engine re-start«d on the largest 
compressors in less than five minutes. FigH. 236 and 237 
are sectional elevations, showing details of construction of 
a 22^ in. diameter and 24 in. stroke air cylinder. 

54. Air Comprrffor Constrwttd hy tht Warthtngtun 
Pump Company.- — Fig. 23S is a sectional elevation of the 
compressing cylinder, the distinguishing feature of which is 
the valve gear, which combines in a very inge'sioua manner 
the po«tive action, noiseless operation, and durability of the 
mechanically moved valve with the elasticity of the poppet 
viilve ; the noise and rapid wear of the poppet valve, due to 
the impact of the valves cloaiug at the end of the stroke, is 
eliminated by mechanically closing the passages underneath 
the poppet valve, and leaving a cushion of compressed air 
upon which the latter seats. The two Corhsa valvea are 
operated by an eccentric on the crank shaft iu a manner 
very similar to that shown in section 50. The action of th« 
valve gear is clearly shown iu figs. 239, 240, 241, which I 
give the position of the valve at various points of the stroke. I 
At the beginning of the suction stroke of the piston, I 
indicated by position I, fig. 241. the mechanical valve A, I 
fig. 239, is just about to close port B, the discharge edge of I 
A beiug in line with the upper edge of port B, and tha A 
ralve moving iu the direction shown by arrow C. Afte^J 
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the piston ailviLHCea a abort distance, the valve has reachedi 
the position shown in fig, 240, in which the inlet edge of the 
valve D is just coming line and line with the lower edge of- 
port B. The valve continues to move in the direction of 
the arrow U until about mid-stroke, when it reverses to that 
shown by the arrow E, bringing the valve back to the 
position shown in fig. 2iO, at the end of the stroke coi 
ponding to position 3 on the ideal card, fig. 2il. The 
compreHsioo stroke now commencea, the valve atill moving 
in the direction of tbe arrow E. After the mechanical valva 
opens, the poppet valvea G, fig. 239, which have had the 
entire return stroke in which to sent, prevent the flow of a' 
back from the discharge passages to the cylinder, an 




remain closed until position 5 in fig. 241 is reached, whei"» 
the presHure inaide the cylinder slightly exceeds that it* 
the discbarge passages. The poppet valves G there- 
upon open, and remain open, nntii position 1, fig. 2il » 
ia reached, at which point the valve A, which in the meao- 
time has changed its direction to that shown by arrow L-* 
has resumed the position shown m fig. 239, thus leaving a 
volume of compreaaed air in the apace between tbe 
mechanical and poppet valve, permitting the light springs 
back of the poppet valvea G to aeat them eaaily and gentJ/ 
during the return stroke. Thus the three fixed points iu 
the compreaaiou cycle, viz., opening of the inlet, oloatng of 
the inle^ and cloaing of the discharge, are positively sad 
mechanically controlled ; the opening of the discharge, tiia 
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FlO. 242.— Complete cards from y in. x 14 in. x 18 in. Cincinnati (Jear (*oint)ruNNor. 
Steam pressure, 851b. per square inch; air pressure, 801b. X)«r(w{tittr» 
Inch ; 150 revolutions per minute. 
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the objectionnble Feature of noise and rapid wear. Two oE 
these compresBors were exhibited working at the St. Looiii 
EzhibitiotL Indicator diagramB are abowa in fig. 242. 

55. Croi»-eompound Two-itage Com,pre*»ar eonttrveted 
by the Brtitfdd Danik Sngineering Company for tht 
Krimich shaft of the St. Patikrai Mine in Niirtehaa.—^ 
Compressed air haa been used for many years in thil 
mine for driving machinery underground, and when aa 
increase of power was needed, it wae decided to replace; 
the existing Bmall compresBors by a large compound tw(^- 
stage machine. This was oonstruoted by the Breitfeldi 
Daiigk Engineering Company, of Frague-Karolineothal, and' 
since the 9th of March, 1903, has worked without a. atop. 
At present it drives six hauling engines, ten piston pumps^ 
three coal cutters, and several ventilators on Eorting'v 
system. The high-pressure steam cylinder has a diameter 
of 675 mm. (266 in.), the low-pressure 950 mm. (Sri in.), 
that of the small air cylinder is 550 mm. (21'7 in.), ai^ 
of the large 875 mm. (34oin.); the stroke is 900 mm. 
(35'5 in.). With a boiler pressure by gauge o£ 6^ atmo- 
spheres (81 lb.) and the same air pressure, the engine runs 
at 60 revolutions and discharges 60 cubic metres (2,110 
cubic feet) of free air per minute, and oan, if necessary, 
discharge 80 cubic metres (2,820 cubic feet). The higji* 
pressure cylinder is fitted with Rider espanaion gear, and 
the low-pressure with Meyer expansion valves. Not on^f 
does the governor control the speed, but also the air 
pressure by acting upon the eipansion valve. Th» 
centrifugal governor limits the speed to 80 turns. ThB 
air pump is vertical, and is placed beneath the crankshaft 
at the right end. It is driven by a connecting link froB^ 
the end of the crank, and a lever ; its diameter is 600 mm. 
(23'6 in.), and its stroke 250 mm. (9'84 in.). The steam 
receiver is provided with a steam jacket, and ia also unde» 
ground, between the cylinders. The compressing pistom 
are coupled direct to the steam pistons, and each pair o^ 
cylinders is connected by two rods. Between the air 
cylinders, parallel to them and under the floor, is tho. 
intermediate air cooler. Tlie effective length of this i» 
3,015 mm, (119 in.), and its diameter 800 mm, (31'6ii' 
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It contains 156 draw:.-:>.'4» ' ..-^r* / *::' ■• •• ^ ! /K n. ^ 
outer and 29 rnrii. M J»,:. ••*:• -. i. •-,*- r?..*-. «»c 
divided into grouj/« by ;.^->r# .-. ^-v /. -.'ty^f.* ?.< ./ 
cooling action. Aij l:.':'..:.>^: ; .':•*- • . ; '-•.•<■? '/r j-'. 
eccentric on the uin'.:. >:-i5'. *.;■:.>-* i-* ,*- a ^ rw,«»r'/ii 
from which it flowg r;.."y.^:. *-.*?i.^ ■ •/*« 7-«. i^. .i.y* t 
diameter and stroke ;: I <; ;7C ■ •- i- .^'y ■ '<; '-^ •. -ii'i 
7*1 in.). The xu\jfri i-fev*r *,- :>*:^- . ,.;*.. -,,? rj v/; f./ii 
(118 in.), so that tLe.'r 'rz''^;- >. v / i •'''.« * <v ,/j j.i/«^ 
metres (505 square fe«r' . 7- > • •'. - ' 'V/w i.. •■ ii 

volume of I'oOH *:*ihy. ;.*:••*-* v': .. , ■ ■••••/, '•* «"'/«^ 
occupy 0'374 cubic ::.^'rr-* . ' , ' • • ?-'• .// *»^"' »i.i 
cooler con tai UK J'l'i4 r,:.-. ■ ■•"■■» V: ^ ', • .'?«.«', 'ili*. 
volume of the %\\ti%\\ sx.: *:\.:'y* t 4, . • .-.'. '.''m O ^'J 
cubic feet ^, and thar of •;.«: .<.:/•■ ■ ',■ ' 'J A • .?/.' /^<.»/c 
(19 cubic feet;; Js^/ •:.<:• •:.■-- •- v -/ • '^'. 'ol •".'.-. vf 
cooler, la rjrecvli ijd'rr. *.'.; *; . ••.'.;. ,^0 / .// i 

The tulies have a To*ii'. '-«r' *.o- ,' ; , '': f. - f "..* '/* .- ^ \ i 
square feet;, while •;.': 'r*f-:^. ■=; v/ ^,- -,' . <, '/,'.,«/ j.- 'J*' 
square metre ^I'O'f fc'^ *<.'<; *■•::-' "> .';.^^ •,«..•./ i H'J 
The latter sectioij f/*:fc.'> v^ ■•;, » /,/ > .«; ». ^.^, i,,,;,,^,,, ^,,,,,.^ 
cylinders the rati^/ 1 : J ^jK j',. Li:.'.-.. ' r,.'. ii,*^i*: *A 
air has a cfxA'iuu h^if'y.-.*'. 'A >. >5 *^.'. .;,.'' .'• < w« .- 'w J « -ibj'. 

foot to 12*05 H*l*liitfT i'Ti* 'I •■: >-..' z*?'^."; r,«:,/.;/ 'ii:i.V.I, 

iuto the large cyl .■;.';«::. ; •; ■ ■ ■ *•..•,./.•. :, M'J'«/ Ji.'»</ tu 
the roof, and a :;.;;:.'y;.' <;-::' -y, .. ■ v..-.!':.*/ i.i.i... /jjiir 

requires cleanijj:;r 'jJ .v.*. .-.* <.;;'.;, «.-.•; s? ;; ",.'/./,/« .-.jou 
cylinder there ]■? ;; -.'*..•. ;-;•; ;:. 'J«..^<.'y v;;!-.*: l/i 
figs. 243 to 24G a'*r -;:/■.; .r *?-,;.;; ;..'.;i,.. ','.,•.•/',.','« ,';'jj/i/, 
and delivery valv*rs -,■••.■■;;.' ",. j.-v-.o .v.-. :./ ?/,r ;..;;.ii«; r-.i/j- 
as, those used iij ^';^. ':-.:.'.,',,-. j-.v.. 7^:5 ;;.,.j ;/j- ;,,,. 
sectional elevatiofj ;;.•.'■ \j.^.:. ',f *..«: 'j';.'iV<r/y v;j1v«; ;iji'l 

figs- 244 and :^40 of ■;': J".,... 'J.-.^: •/;;.•,«:.. ';jpr '#/;«• j;it<-rj 

from the tail end of tj,r,- ^rjcp/i/.-.o^ v;;]vrr rpiij'JN; fiy J<;v«rib 
outside and inside tLc- v;ijv«.- ':;ifr-.*, ih*; ]iir>t:r \it:\u*/ i\^\^1t\ 
with adjustable sprij, ;.'-;. 'J}j*;.v«r off^r i;o oj^po.rit.iofj to tb-r 
opening of the valv^.-s. v.lii<.b is 7]i','ic-forr,- t:fff;i:if:(l bv a 
difference of pre-j-itiic- s liYic'iahz to overcoruo friction and 
inertia, an extrerrjcly .sjuall quantity, the valvc-s beinj? verv 
light; but shortly before the end of the stroke the valves 
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are compelled to tz^rubsh. -"-?•**- K-tr> 
finally close vhwEC iCK>:k. .t-jlx '- 
pressure. Thus oce txIt* -mzi l .Ar:gT 
number of small ooai. Az "i** :i^:Lrzi^ 
tions the TalTes ^Crrx »lJii :»ii: ""jjr j^t*-" 
only at 70 rerobnaD-r* zzsir. -jLit^ -i^.-n.:!:. 
and then onlv glig^ r-r- ; i Ei«eet :c t-T • r*-. 
sible. The Talres ^?.sr--<^ '— ^ t.-r ,' 
carry pistons at, thjsr c:^5s ic *::>::_ 
which work in crifijder* «•: l* *: 
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valves and form air cisLxji-'t, t:^e fo:',^: ttx^.nc^i by which 
can be adjusted by screws, to tr.e left of the air-c-uhhion 
cylinder in figs. 243, and to the left a:.d l>e3ow it in %. 244. 
These screws, of course, ooLtroI tl^e rapidity with which 
the air can escape from the cylinder. Tlie seat and valve 
guides are in one piece, and are of cast iron, while the 
air-cushion cylinder is of bronze. The air-cushion screws 
can be adjusted for noiseless working from the outside of 
the casing. Both suction and delivery valves of the large 
cylinder and the delivery valve of the small cylinder have 
each two seats 4 mm. broad, but the suction valve of the 
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Compound — Two Stage. 



{mm.. : 700 
i 

iuB. .. 27*6 

(mm.. 500 
ins. . . 

(mm . . 735 
Ins. . . 

(mm . . 430 
ins. .. 

(mm.. 675 
Infl. . . 

Steam pressure by gauge in atmosphere. . 6—8 

Air pressure by gauge in atmosphere .... 5-7 

Revolutions per minute 70—80 

{c. metres. ; 33-88 

eft 1160—1335 



800 

31-5 

575 

« • 

840 

• • 

500 

• • 

775 



900 

85-5 

675 

•• 
950 

« * 

550 

• • 

875 



6—8 


6-^ 


5—7 


5-7 


60—70 


60—70 


48-50 


60-70 


1510—1760 


2110-2460 



A teet made June 20th, 1903, gave the following 
results : — 

Revolutions per minute, 68. 

Mean steam pressure by gauge, 5*6 atmospheres (82'3 lb.). 

Mean air pressure by gauge, 5*8 atmospheresi (85'2 lb.). 

Mean vacuum, 61*4 centimetres (24:'2in.). 

Injection water, 28 deg. Cen. (82*4: deg. Fah.). 

Indicated steam horse power, 437'5. 

Indicated compressor horse power, 386'8. 

Mechanical efficiency, 88 per cent. 

Volumetric efficiency, 97 per cent. 

Total efficiency, 71 per cent. 

Volume of free air compressed per steam I.H.P. hour, 

9*376 cubic metres (330 cubic feet.). 
Steam per I.H.P. hour, 7*8 kilogrammes (17*15 lb.). 
Weight of steam per cubic metre of free air compressed, 
0*799 kilogrammes. 
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Cubic feet of free air coniprMRert jjor jKiiimi ••( xtiiiiii 

20 cubic feet. 
Temperature of atmosphere, 27 U> 2'J <!i'X. *.''-(.. CMH I 

84-4 deg. Fah,). 
Temperature of air ontering inUinnwiiatrt i^yil";;, JIR '' 

136 deg. Cen. (239 to 277 dcjf, Kaf. ,). 




Temperat 



Temperature of air leaviri(; iutcnirwJiaNi t^iiiUri-, fjo ),, 
57 deg. Cen. (122 to I34'5 d.;g, Fnh.}. 
iperature of air after cotupnmitin, 124 to Ud i|uf(. 
Cen. (255 to 295 deg. Fall.). 
At the St. Pankraz Mine, it may bo inentiotied, tliD 
Wmpreased air is heated by petroleum burners before it* 
^ in the engines that it drives, and experiments are being 
Oiade tor the introduction of these burners into the 
pressure pipes themaelTes. It is an unfortunate fact that 
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the total efficiency of compressora Biid oiotorG is only aboi 
40 to 50 per cent. 

56. Gaatellain Air Compreaaor constructed by tite Breit^ 
feld D&nek Engineering Co., of Prngue-KaroUnenthal. — ;■ 
Figs. 219 and 250 show in plan ajid elevation a brit-driven 
CaBtellian compressor. Fig. 251 is also a section through' 
cylinders and receiver, stowing the Corliss and self-acting 
valves. Its working is as follows: Atmospheric air entert.s 
the left-hand side of the large cylinder, being admittel 
by the Corliss valve to the left, and slightly below it. Thit 
valve is driven by an eccentric on the shaft, lig. 2i9, whi ' 
also drives tbe Corliss valve of the iiigh-pressure cylindeTj 
When the piston moves from right to left the 
left side is oompressed until its pressure is sufficient hP 
open the self-acting valve that is placed below the Corliss 
valve, and air Sows into the receiver. On the other sid» 
of tbe piston there is at first expansion from tbe receiver, 
and after the discharge from the other side commenoei 
there is aspaosion from the air on the other -■■'' ~' -l.^™ 
piston and from the receiver, assuming that 
trunk on the right is less than that tm the left- If it ie tfaj 
same Bize there is no change of pressure, and if great! 
there wiU be compression. In fig. 253, which shows thfl 
indicator diagram on the right side of the piston, the loirMI 
part of the curve shows espacsion, and the upper cofflJ 
pression, which takes place on the stroke to the left in th» 
receiver, high-pressure cylinder, and on the right-hand 
side of the piston. This is also the suction stroke of tho 
hifjh-pressure piston, to wliich air is admitted by the CorJiss 
valve above its left end. The discharge valve is self-actjng- 
and is just above the Corliss valve. The Corliss valTes 
are arranged to close at the end of the stroke, so that the 
self-acting valves seat themselves upon an air cushion, a"^ 
therefore quietly and witbout shock. Fig. 252 is the hifsl'- 
pressure diagram, with mean efiective pressure 3'17 atm"- 
spheres; fig. 253 hae a, mean effective pressure of "''^ 
atmospheres, nnA %. 2Gi, tlie low-pressure diagram, 113' 
atmospheres. These were taken on the 16th of Febnwrv. 
1904:: the speed was 160 revolutions, the two cylinders 
200 mm. and 400 mm. diameter (7-89in. and 1578in.L 



with 300 mm- stroke ai-^ h.. , lit : 
160 mm. (5-9b.t. If >>, a 34 v^. 
referred to the lov-praerir!: :il*r:>i >. 







•^Oe Tolumetric effieiencj- t 

'''9821, and the ideal mean effective pressure i 
spheres with iaothermal compression 

Pi = hyp. log. 6-8 = 1-912, 
the absolute pressure ol compression measured from the 
*nd of the high-pressure diagram being 6*8 atmospheres 
absolute. The efficiency of compression is, therefore, 

_ 1-812 K 0-982 1 .„.4p.„.nt. 
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Aocording to the Breitfeld Dan^k Engineering Company, 
the chief advantages of the system are to be found in the 
fact that — 

(1) According to the pressure of compression required, 
the compressor can be built to work as a two or three 
stage machine. 




Fig. 262. 
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(2) Compact arrangement of a two-cylinder machine, 
saving length as compared to the ordinary tandem engine, 
or breadth in comparison with a cross-compomid arrange- 
ment. 

(3) Reduction in the number of moving parts, valves, 
etc. 

(:Jr) As twin compressor, each side can be run separately, 
so that, according to the amount of air required by varying 
demand, either one or both sides of the machine can be 
run at will. 

(5) Saving in weight and space. 



^ir t/uriv 



1M* 1 1 nil I 




Fio. 255, 



Fig. 255 shows in outline a portable Castellain com- 
pressor with plate valves for use in coal mines. The 
smaller the trunk piston rod is made, the "greater will be 
the variation of pressure in the receiver, the less will be 
the work done as the piston moves to the left, and the 
more as it moves to the right, so that upon the diauieter 
of trunk depends the variation of pressure on the crankpin. 

57. The " Baw " Compressor. — ^We are indebted to 
Messrs. A. and Z. Daw, of 11, Queen Victoria Street, 
London, E.G., for the following description of their 
compressors : — 

The distinctive features of the air compressors designed 
by Messrs. A. and Z. Daw, of London, is the ** Daw " method 
of directly controlling and balancing the inlet and discharge 
valves by the air pressure, by which means the air i« 
compressed with greater economy, and at speeds of com- 
pression hitherto thought unobtainable, with attend 
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greater output from tLe compreseor and reduction in fi 
outlay for plant. 

The salient features of the Daw valve gear are 
automatic controlling, adjuring, and balancing actii 
The valvea are directly controlled and balanced by t 
air pressure ; have a rapid movement, with quick opening 
and closing; and, when once set, the valve gear is sel^ 
adjusting for all speeds and pressures. The valves 
practically noiseless in operation, and the wear and t 
is scarcely appreciable. 

" Daw " Inlet Fa?i'e.— One large inlet valve (fig. '1 
only is used in each head of the compi'essing' cylindeTj 
giving a wide opening and free passage. There is no delayes 
valve action. During admission each valve is kept wid 
open, GO that the compressing cylinder is completdy fillo 
with air at the atmospheric pressure throughout the whoji 
stroke, and during compression there is no loss of anj 
part of the contained air by reflux to the atmosphere. Lifa 
results are obtained with gas as with air. From thif 
action of the " Daw " inlet valve full-volume efficiency i 
obtained, witJi corresponding greater economy of powoc 
in compression than is possible with inlet valves which a 
operated wholly or partly by " suction pressure," as, own 
to the suction work required to be done to overeoi 
inertia and spring load, they cannot open, or remain opeo^ 
unless the pressure in the conipreHsing cylinder is leas thaa 
the exterior pressure. The '' Daw " inlet valve aysten 
eliminates the great loss of efficiency due to the throttlip i 
of the air in its admission to the compressing cylinder 
caused by mechanically-operated valves which s 
gradually, and also by automatic or self-acting valves w!hi« 
require a. small lift, making lai-ge numbers of small va]v<( 
necessary. The various losses caused by detective inld 
valves are saved by the " Daw " inlet valve system ; i 
although not easily determined, the saving effected therel^ 
IB very appreciable. 

"Daw'" Diirharge Valve. — One large discharge valvl 
only is used in each head of the compressing cylinderi 
and to ensure free delivery it is made the same size al 
the inlet valve. As the '' Daw " delivery valve is perfectlj 



■ <I -*> '~-^^m 



baliiDcei.ii.: :•:!.-_-: leri r 
all other Til-^ »--»'.-- n - r 

to be COI^ir-rSirrl v."^. l" 

the seri-:-L= !:'=.• i -^ r-'. 
other vilT^ i'^*rT' .i '-rr - 
pressure.* :'^---" *- "-^ "-" 
to the iri-.T:._'-= -1 "j^-r • 
in the coi-.i : --.-.^ j" ~ _ i: im- 
necea5::i":«r "—-r .'t-: . ~. .c . 
possible :-i7_'.^. i- "s"— - - 
tions, ii':.j~.-j -:.r S'- -' ■ - 
would re=\^:. Ti-^t -^ - ..- 
of the se^:.:.^ ii.i7 i.i.— ".: 
work. 

of 7*07 50.:j;rr ::. i— -. " - 
4-91 sq-iiTr i:.:::^ *: -.^ 
cylinder. I:. -..-.:. 1 • t : 
gauge, t'.e Tr-r^- ..'r -. - r - 
be 7"07 X '•'» = -:-!-' T .' 
by an eq^Jiil :: vsl - .-r- ■ ..• - 
side of the -il--r >r:..-r ■ 
air be deliv-rr-ri .:.".• '- -. ; ■ 
therefore. ::-:*:-r--.-i-T- - 



in the conipre^TiLj :v; .-• ■ .' _ . ' i 

pressure. 

On the other \.\:.\. \ ■. r ; . ; - .. - 

seating expose* i --.-:': .: -• -" -.. ■: -:- ' ::.e 

pressure in the r-/.^--.:. .:.i «_ - - ;: .:.;.-- -■ r:.-:- 

pressure in the cvlir. :-.. . T!.-: '!;.■-■- - :. *:.-: r-.-.vivei- 
side of the valve rje:.:e :: . .!! , •-:. .:. 1 --.e c •::.:r'.-i>td 
and would have ro oe r. i!.!:. .-; I - v : 'i..--:re per sq-iare 
inch of 

ji'Oi-^:; 

which is an excess pressure of 19'91l).* 



99-7 lb. 



♦ThU reasoning neglects the pressure between the valve and its «Mt, ami 
therefore oTer-estinutes the lifting pressure. 
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In the l;tr*:e.' 
excess pre*,>;:i-e. '..•: v .. - - . - .- ...:■:• 

is lieateil 5'; de«^. ..Ijl-:' "... .. • -. ■ . " - T . : 

increased work ■:.:': ij ■ . .- - .. - . ■:: 

according to r[,^ ...x .: -.■,*-. -...-. - . -. - . - . . . : ^ . ■ : 
is 13 4 per ctir.-. tr.-: - ..- .....,.-■■-.;. :' 
valve. Owi^.r - -....- .:"-.: -: - --r -■: ■.•^..'.i- 
lost durincr eir.'i!.-' . . : ~..r ■. - -.■■.-. -':''■'. ..'r 

the actual los-. •..: -;±..r. - -■ .. . . ^. .t '■.-. 

13"4 per cen: : '/r. :..----,., ■ . .., ■ _■ . -. : 

is saved bv the ■'■:il.-ir.:H^:--i.-T ■- -. . Z .-. '. -■ - .. - 
pressors Lave i x.i-^i- .:■:-- ._■ -_- .- ." .? 

completelv as fo-'siM-r :.'.•.._- . ■: .. 

Description" op A'.t:.:.' .7 .".-_- .' :.i: ^ .. !:■ .::.iJ-.^i 

Takinv fir:^r. r!:-: L.lr: ■;. _; " _■ -' ■ * *..r 

inlet valve A in ar. o'*r :.-■.-. . .'-.-• • .".-■■ -' i'>. -■"- 
opens inwards, its xrrii-..- ■.:. . -. -.- .:•-.- ."...:- '■--- -•-■-- 
pressing cylinder, sl f /.r -...- --. . j -:-■■- ' • >--"'---r 
to keep it closed. 

The valve is opene-i i' '!.-: . -.-:..•::..-::.' : '-:- <.u:i"ii 

stroke through the -:..-/.! •.'.:;-.- -.-:.-: !•. v.;.;.:. is a*.:i:iU'd 
by the valve gear Y.. p:-.::..- *.-. .-. : -:. : -•: >::-^i'-l ^.ylv.idt'r 
Fin communication -^:'r.\i *:.-.- i. -.-iv-r ::.: 'ijii pil'e S, so 
that the pressure in i\a: \.-rr.*.-\ i^'r.< •.:.■:. ti.c I'isri^ii CI, i'» 
overcome the action 01 :•.»,- ^i.rii.L' C ai.-i the woiirht oi 
valve A, such pressure beinL^ ii^.aiitaii.o-l and tho in lot valvo 
thereby kept in its open position, after it has boon opono»L 
dining the full length of the suction stroke, (^n tho roni 
pletion of the suction stroke the small vsliilo valvo P is 
reversed to exhaust, and the spring C, being thus roliovoil 
from the pressure acting against it, olosos tho valvo. '^lu^ 
small cylinders F and H act as dashpi>ts »>r butVors, and 
ensure the valve opening and closing quiotly without shock. 
The pressure set up on the inlot valvo piston 4 J at I ho 
commencement of the suction stroko is sulliciont h» onsuro 
the inlet valve A opening inslantly, and Ibr n-mnval nf 
the pressure causes the etpially roady cloHiiij.': i»l" I hi- valvi*- 
by the spring C. 
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The discharge valve is showD in it« closed position, the 
spring J, pressure in receiver, and weight of valve " 
tending to close it. It is pivoted similar to the inli 
valve, and is arranged to open outwards in its relation 
to the compressing cjUnder, and is enclosed in a casing 
in open conununit^atiori with, the receiver, tlie preesure in 
which conBequeutl}?' is always exerted on the back of suchi 

The discharge valve K is also balanced through the smaJI 
slide valve D, which is actuated by the valve gear, placing 
the front end of balancing cylinder L in communicatioa 
with the receiver, so that on the pressure in the compress' 
ing cylinder becoming equal to the pressure in the receiver^ 
the latter pressure, acting upon the piston M, balances 
the difference in pressures on the discharge valve K. du4 
to the valve seating, also the spring J, and the weight o 
valve, causing the discbarge valve to open witboi^ 
any excess pressure being set up in the compressin^ 
cylinder. As the discharge valve lifts off its seat a portion 
of the balancing pressure in cylinder L becomes an active 
force, opening tlje valve rapidly, and maintaining it full 
open until the couipression stroke is completed. The slide 
valve D is then reversed by the valve gear, so that the 
pressure in cylinder L is exhausted, and the strong spring 
.r. being thus relieved from the pressure acting against it, 
instantly closes the valve. The cylinders L and N act ai j 
dashpots or buffers, and ensure the valve opening and I 
closing quietly without shock. \ 

The small slide valve D controlling the small pistons, ' 
governing the opening and closing of the inlet and 
discharge valves, are mechanically actuated as follows: — 

To the piston rod is connected a short rod R which 
actuates the long arm of a lever, the fulcrum T of which J 
is placed a distance above it approximately equal to t' 
travel of the piston. Forming part, or connected wi 
this lever, is a connection nearer to the fulcrum to give ll 
short travel to the rod Q. This has a sliding connectia 
IT upon the horizontal rod O, upon which are adjuBtaU 
stops which actuat« the small slide valves D exactly at 1£ 
end of each stroke of the air compressor, the valv^ 
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DiiiientiuTu of CiiTkjTtn -. 

Lov-preKure fcir .j.li.'.zr. l i:i.e:f v .... 

High-preMure air :t1:l ler. \:^il:-:ut • "' ■• • -^^ 

Low-presiure steam cv".::i.;er. v'.iATr.e: or "' ■■»'•'■■ 

High-preaaure stear:; cTli::ue:-. o:air.o:ov ' ni.i«i' 

CommoD Btnike of all cyMndo]*9 -'^^ m, !«• ■■• 

Clearance of low-pressure air oyiindor * ' ' 

Clearance of high-prepriiire air oyliiulor ^''* 

KevolutioDd per minuto «luriiig test "• 

Piston speed i;iM,.i 

Capacity cubic feet of froe air at i>4 rovoliilimiri pm 

minute '''• • 

Reduction in capacity due to oloaniiH'f in low pri-nmnn 

cylinder '»»"'♦ 

Net capacity in free air per u)inut4> HUM •■ II 
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Temperatures. 

Shop temperature, Fah 65 deg. 

Temperature of cooling water, Fah , 80 deg. 

Temperature of water jacket, low-pressure air cylinder 88 deg. 
Temperature of water jacket, high - pressure air 

cylinder 86 deg. 

Temperature of air at exit from low-pressure cylinder.. . 215 deg. 

Temperature of air at exit from intercooler 88 deg. 

Temperature of air at exit from high-pressure cylinder 214 deg. 

Temperature of water passing intercooler 90 deg. 

Cooling Water used. 

Quantity of water passing intercooler, gallons per 

hour 1490 

Quantity of water passing water jacket, low-pressure 

cylinder, gallons per hour 45 

Quantity of water passing water jacket, high-pressure 

cylinder, gallons per hour 40 

Pressures, 

Barometer 29*9 

Initial steam pressure, pounds per square inch 140 

Intercooler gauge pressure, pounds per square inch ... 21 

Receiver gauge pressure, pounds per equare inch 72 

Steam Cylinders — 

Mean pressure : High-pressure cylinder 62*3 

Mean pressure : Low-pressure cylinder 11*25 

Air Cylinders — 

Mean pressure : High-pressure cylinder 34*85 

Mean pressure : Low-pressure cylinder 15*67 

Indicated Horse Powers. 

Air Cylinders. Steam Cylinders. 

Low pressure... .. 73*66 Low pressure ... 72*48 

High pressure ... 65*89 High pressure ... 100*35 

Total ... 139-55 Total... 172*83 

Isothermal power required to compress net capacity of free 

pressure, viz. : 1,048 cubic feet to 72 lb. gauge 119*47 

Efficiency ratio of compression. 

Total isothermal power „ mn o/ _ 119*47 ^ inn ©/ _ QK^ti^ °/ 
TotaU.H.P.aircyli5drr ^ "« ^ " 139^55 "" ^°° /» " ^^ " /» 

Efficiency ratio between steam and air cylinders. 

Total I.HJ. air cy linder ,^^0/ _ 139*56 ,^^0/ __ 0A.7K0/ 
Total LH.P. steam cylinder ^ ^^^/° " 172^3 "" ^^^^^ " ^° ^^^ 
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Eficiency of compression from atmosphere to receiver. 
Isothermal air y ^ 119_47 ^ ^^^ y ^ 39.^3 o 

LH.F. steam ^° 172-83 ^° "^^ ^^ /o 

Remarks. — During the shop test the compressor was supported on 
loose foundations only, and when erected in position, on solid foundations, 
the efficiency i>etw6en steam and air cylinders, on the known ctlloiouoy 
of similar "Daw" compressors, will exceed 90 per cent, and the 
efficiency of compression from atmosphere to receiver will in actual 
work exceed 90 per cent of 85 '61 per cent, or 77'06 per cent. 

The compressor ran smoothly, and both the mechanical and air 
governors acted promptly. 

Types of Daw Compressors. — ^The Daw coinprossors iiro 
made for either single or multi-stage compression, tho 
compressing cylinders being disposed in such manner that 
the work of the motor will be a minimmn, and according 
to requirements are built in the following types : — 

Direct steam driven. 

Driven by oil or gas engines. 

Driven by belt or rope. 

Driven by water power. 

Driven by electric motors. 

Sectionalised for mule or manual transport. 

Single Straight-line Class " E " Daw Compressor,^ A. 
^iew of one of these is shown in fig. 257. Tho inlot anil 
^iischarge valves of the compressing cylinders aro as 
^^escribed; the air cylinder is placed tandem with the stoa.ni 
Cylinder. The steam cylinder has Kichardson's trip gear, 
"^hich obviates the friction due to slide valves, and main- 
tains the speed of the engine practically constani, Nvhilsb 
giving" a perfect distribution of steam under all loads, 
^he governing, as will be seen from the illustration, is 
Controlled by the automatic air-pressure regulator, in 
addition to the usual speed governor. 

This compressor has a free air capacity of 790 cubic foot 
}per minute compressed to a pressure of 80 lb. por square 
inch. The number of revolutions is 100 ft. or 550 ft. piston 
speed per minute. 

Cross Compound Two-stage Air Compressor with Air 
Washer, — ^This compressor was built by Messrs. A. and Z. 
Daw for a colliery in Natal, an express condition being that 
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ttey were to provide an air washer, through whicU all 
the air was to be drawn and thoroughly washed before 
entering the low-pressure air cylinder. The liapacity of 
the compressor is 2,500 cubic feet of free air per minute 
at sea le^el, compressed to 90 lb. per square inch, running 
at 90 reTolutions or 600 tt. piston speed per minute. The 




CylindCTS, as in all Daw compressors, are water- jacketed, 
^nd the air cooled between the stages, and in this way the 
•■sothernial condition of compression is approached. The 
>*tercooler consists essentially of a large number of tubes, 
tjirough which there is a constant flow of water, the air 
J compelled to traverse across the tubes by a sedes 
■" > plates, by which means the air is split up and 
■ particle brought into intimate contact with the 
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cooling surface of the tubes. The water for cooling and 
the air which ia being cooled are arranged to flow so that 
the air just before it leaves the intercooler inetts with the 
coldest water. 

The air washer designed by Meaars. A. and Z, Daw is 
shown in fig. 258. It is estremely simple and remarkably 
elficient. The inlet openings are protected by wire gauze, 
and arranged on opposite ends of the washer to balance 
any auction pressure on the surface of the water. The 
air pBBsee down through the end vertical channels, and is 
distributed through five horis»ntal troughs over the surface 
of the water in tie washer. Slots are cut in the side 
plates of each of the troughs, end the air, in passing 
through these slots, is split up into thin streamB and 
thoroughly washed by the water, which normally covers 
the slots to a depth of Sin. The vertical bafBe plates 
arranged along the troughs are to prevent swishing of the 
water, and the horizontally-inclined baffle plates are to 
arrest any particles of water carried up by the air, and 
as a further precaution a vertical water separator is J 
introduced between the washer and compressor. A sludge | 
cock is fitted for periodically washing out the sludge that J 
may accumulate. 

The action of the air washer was exhaustively tested bj 1 
Geo. A. Goodwin, Esq., M.I.C.E., Wh.Sc. Hoppers w 
fised in front of the wire-gituze protected openings, ! 
fine ooal dust fed into them, the compressor being 
at its full speed of 90 revolutions per minute for a 
twenty minutes. The pipe leading the air from 
pressure cylinder to intercoolcr was disconnected, a 
large clean duck bag secured thereto, through which i 
the air from the low-pressure cylinder during the trial i 
to pass. About l^cwt. of dust was fed into the wash 
and, BO far as observation was possible, every particle t 
separated in the washer, the bag being quite clean at t 
end of the run. The piping was then coupled up, i 
full run ot 55 minutes' durntion made, during 
150,000 cubic feet of free air were drawn through ^ 
washer, the loss of water during the run being 2 gallo 
or 1 gallon for 75,000 cubic feet of free air. A vacuf 
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gauge attached to the washer was not sensitive enough 
to record any reduction in pressure below the atmospheric 
pressure. 

Altogether the run was highly successful, and most 
gratifying to the designers. 

Belt-driven Daw Compressor. — On fig. 259 is shown 
a reproduction of a photograph of a two -stage belt-driven 
ccmpressor, the test of which is given on page 259. 

Sectionalised Daw Air Compressor. — The compressor 
shown on fig. 260 represents probably the most remarkable 
example of sectionalised air compressor ever built, and 
was built by Messrs. A. and Z. Daw for a gold mine in 
Ashanti before the advent of the railway to Kiimasi. 

The compressor is of the direct-acting du})lex type, with 
a capacity of 624: cubic feet of free air per minute, com- 
pressed to 701b. per square inch, nmning at 133 revobi- 
tions, or 400 ft. piston speed, per minute. Its destination 
was 110 miles up country, the pathway to the mine being 
for the greater part through a primeval forest, and the* 
difficulties of transport were so great that the limits of 
weight of each section was fixed at 80 lb. to 901b., excejjt. 
for the cylinders, crankshaft, and rims of flywheels, which 
parts were limited in number, and not to exceed 250 lb. 
each in weight packed. The gross weight of the com- 
pressor was 15 J tons, and was carried the 110 miles inland 
by 600 carriers, over rivers and through swamps, many of 
which were dangerous to human life. About two montlis 
were occupied in the transit through the bush, and the 
whole was safely delivered without loss or damage to any 
part. This compressor has now bee^ at work for several 
years, and, although built up in the remarkably small 
sections above described, has worked with the greatest 
smoothness and steadiness, and with complete immunity 
from breakdowns and repairs. 

58. Bailei/s " Koster " Air Compressors. — Tliese are 
constructed by Messrs. W. H. Bailey and Company, Albion 
Works, Salford, Manchester. They belong to that type 
in which there is a reciprocating part or parts forming 
the suction valve, and also closing the discharge passage 
at the end of the stroke, but which also have self-acting 

18ac 
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discharge Talvee, which cootrol the moTement of discharge, 
^e action of the valves Is shown in figs. 261, 263, and 




263, which repiosent a, double-acting cylinder fitted with 
Kflstar'a patent piston ralve gear. The air enters through 
a suction pipe at S. In fig. 2C3 the piston is moving to 



2G2 



AND BLOWING ENGINES. 



iLe left, so that air enters from S by tlie port C to tho 
right-hand side of the pietcn. Tlie piatOD valve has opened 
both ports C, C, and the air can pass without throttling. 
On the left>hand side of the piston tho air drawn in pre- 
viously is being compressed, and when it reaches the final 
preesure the valve B npeOB, and the air is discharged to 
the delivery pipe. The piston valve A is now moving to J 
the left, and closes the port C exactly wheo the piston 1 
tirrives at the end of its stroke. As the suction etroka I 




OQ the right-hand side is completed at the same time, the J 
port at this end is closed at this moment, so that th»J 
piston valve prevents communication between tike left-hamij 
side of the piston and the discharge chamber E, and t' 
right-hand side and the suction space S. The piston; 
now moves in the opposite direction, and during this t' 
the piston valve passes through its middle position to th(d 
left, opening the port C at the left-hand end of the cylindeaW 
to S, and the port C at the right-hand end. The apaoc^l 
to the right of the piston is not connected with the c" 
charge chamber E until the pressure on the right of the 
piston is sufficient to open the right-hand self-acting valv^ 
B. It is claimed that the Koster valve gear has the follow-J 
ing advantages ; — 






ccT-se-^irLir is ".li: ■ r : : -*■.:. . ... , 
the cvliLivr s-j l__.i ----;: : :.. ^.^: ^' 

presaioi. ?:r-:zr i" i= -_~. . .:"-~ .J- " .•; >. . ." " 

and fire tie iLiriirr : -. r _■ - : . r "" :" : . .\.> .- 
j>areL^ iL-=i:i.ii^:ill7-; ■. : : ■". - ".". j ... : v . >v - 
cylinder ai.i rr-iei^rr -.i"'. * .:- .- . ". r. '■ ;'. ■ " "■ .v. 
both sin^rle a:: i "r^ : -^: . _•-. . • ?-. f ? : : > 

¥i^.'JrA.-'::'.L-. -.'..' ■■:■<■. : ^ ..". "■ --^ - ^ >■"./■- 
"Koster"' :^o-f^:^JT .;. .^-. :■. :..::■ : \: ; > >^'^^^ 

indicator diajiM.-s. I rj. i i :. : ■..:'.■..•. . . • n..- 

Pisactuaie^i by :h.e o..:.:..-::::.^ :;.: ^ : :'.;^ :-s:/" .-v ^.^^.^ 
by means of the ec:-:.:i:: ..: .'. v.;.: S. l"-v .. v •.< "'» ■ •• 
drawn through the sv..:: :. . y::.::.ir A. /.• .'. v-^'^^'^ -. V.:. •;;••■• 
the port B to the cyii:. :::r. ::-v- p:>:oT^ v.-'m^ T Ivi::?^ »v: •■-' 
right-hand side of the ]■■'!■: a:" tho li'.v.iv NVhon \\u^ n- 
piston arrives at the 0T;d vn' its siroko tho ]Mston ^.>1\»• i' 
closes the i>ort B, aul on the votiirii siroUi^ iho -.wv iIhwm 
previously into the cylinder is ooni]nvssoil. On \\u^ J. -.ui'.! 
pressure 'being reached, tho piston valve T haxtn.'. -.Mno 
time before opened the port B. and j^assed 1«> iht' Ii'iJ l» n«.l 
side of it, the compressed air ilows ihrouj'h \W ■pnu.' 
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valve D to F. The first stage of the compressioa is now 
completed, aad the air thus compressed passes tlirough 
an intercooler to H on the high-pressure side of the 




compressor. From H it passes to the annular space K, 
the air piston moving towards the right-liand side of the 
cylinder, and the piston valve L being at the left-hand side 
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of the port I, so that in the same stroke towards the right- 
hand side the air compressed in the first stage of com- 
pression is discharged through port B and drawn in through 
port I. On the return stroke to \he left-hand side free air 
is again drawn in through the port B, and the air in the 
space K is compressed to the final pressure, and now passes 
through I to the spring discharge valve, and into the 
delivery pipe at M. A special advantage in this valve gear 
must be noticed. If Corliss valves are used in place of the 




Fig. 268. 

piston valve the air between the discharge Corliss valve 
and the self-acting valve is re-admitted to the cylinder near 
the beginning of the compression stroke, and this sudden 
fall in its pressure causes a loss of efficiency; but the 
piston valve C, after it has closed the port B with its 
right-hand edge, continues its motion to the right, and 
forces out the compressed air left between it and D through 
D into F. Thus in fig. 266 the piston C is moving to the 
right and discharging the air as explained, although on 
its left-hand side free air is flowing through B. In fig. 267 
discharge is taking place from the low-pressure side of 
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the piston, and auction on the high-pressure side. The 
reciprocating valve has a guide N, which is fitted with 
spring rings. The two piMloQ valves work in fitted liners. 
The piston and sprinop valves are very accessible, separate 
covers being provided for access to each spring valve; no 
other part tieed be reuioved. The water jacket completely 
surrounds the reciprocating piston, the cylinder hea^, and , 




the air valve chest. The oooling water in the jacket a 
circulates through tie iiitercooler. The cooling of t 
high-pressure side is particularly effective, as the inner 
high-pressure aide of the piston is always in contact will 
the external air, and the water-jacketed surface ic 
large compared with the annular volume. The interooole 
is mounted on the top of the machine (fig. 2C9) in th( 
accessible position. All sizes are suitable for preBBurC; 



2riO 

from 701b. to 1501b. per square inch, and are proportioned 
for continuous working at the latter pressure. Iq the 
smaller sizes the cylinder and frame are cast in one piece. 
The whole arrangement, being very rigid mid compact, 
require very small foundations and very little attention. 




The bearings are of the very best metal, and of generous 
proportions ; lubrication is automatic and continuouB, the 
supply to the bearings being on the ring principle, oad 
to the other parts of the machine from adjustable sights 
feed lubricators. The leading dimensions of these com- 
preHBors are given in the table on page 267. 
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It is extensively used for starting large gas engines, raising, 
stirring, and cooling liquids, working pneumatic tools and' 
machines, blowing dust out of djnaamos and motors, 
inflating and testing rubber goods, etc. 

The table on page 271 gives leading dimensions (figs. 270 
and 271. 

Figs. 272 and 273 show a compound tandem two-stage 
air compressor by the same firm, and similar engines with 
only one steam cylinder are also constructed by this firm. 
Fig. 272 is a general view, and fig. 273 an elevation and 
sectional plan. The compressing cylinder has been already 
described; the high-pressure steam cylinder is fitted with 
equilibrium double-beat lift valves, with coiled spring 
closure cushioned by oil dashpots. The low-preesure is 
fitted with similar valves or Corliss gear. The high- 
pressure valve gear is driven from a cross shaft by 
eccentrics, is controlled directly by the governor, and is 
fitted with a disengaging motion. Admission is from 
to 70 per cent. The governor is designed to control ihe 
speed or the capacity. The number of revolutions is 
adjustable by hand between large limits. If desired, it can 
be arranged to regulate the speed automatically, and to 
stop the engine when a certain speed is reached. The 
following table gives the leading dimensions of two sizes 
of this type : — 

Two-stage Compound Air Compressor. Figs. 272 and 273. 



Free air per minute, in cubic feet 

Diameters of differential pistons large 

» „ M sma" 

Diameters of steam cylinders high-presaure 

,, „ „ low-pressure. 

Length of stroke 

Revolutions 

B.H.P. required in steam cylinders for 901b. 
air pressure 



808-6 


1059*3 


25-00 


28-U 


20-27 


22*88 


12-8 


18*80 


20-67 


22*44 


21-65 


28-62 


145 

• 


140 


150 to 160 


195 to 209 





Pi 


Iflt rr 


m ■ 

11 




|i 


|1 
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Fig. 274 shows a cross-compound two-stage compressor. 
The leading dimensions of this type are given in the follow- 
ing table: — 

Cboss-compound Two-stage Air Compressors. 



Free air 

per 
minute. 



950 
1180 
1765 
2365 
3000 
3650 
4410 
5420 
6700 



Diameters of 
air cylinders. 



19-68 

22-05 

26-57 

29-52 

S3-46 

35-8 

38*39 

42-32 

48*23 



12-40 
13-78 
16-73 
18-70 
21-06 
22-63 
24-21 
26-57 
30-51 



Diameters of 

steam 

cylinders. 



Length of 
stroke. 



14-56 


22-44 


1575 


24-60 


18*70 


29-13 


20 67 


32-50 


23-62 


37*00 


25*00 


39-37 


26*57 


42-32 


29-13 


16-26 


33-46 


52-75 



27*56 
29-52 
33-46 
37-40 
41-39 
45-27 
49-23 
53-16 
5316 



Revolu- 
tions per 
minute. 



110 
100 
00 
85 
80 
76 
72 
68 
65 



Brake horse 
power required 
in steam cylin- 
ders for 90 lb. 

air pressure. 



163—173 
216—230 
320—337 
415—445 
530—570 
640—685 
770—825 
950—1010 
1175—1245 



59. Express Compressors * — Probably the greatest 
improvement in compressor valves has been made by Pro- 
fessor Stmnpf, because with these a very high speed is 
obtainable, and consequently the size of compressor for a 
given power is much reduced. These valves open inwards 
in the opposite direction to the flow of air, and are closed 
by the piston in the same direction as that in which the 
air is flowing. These are undoubtedly mechanically-con- 
trolled valves, but special gear to work them is dispensed 
with; the valve piston, whose duty it is to open the valve, 
also forms an air cushion, and during the opening supplies 
the necessary pressure, and controls the acceleration and 
retardation of the mass of the valve, and acts as a vacuum 
brake at the commencement of closing. Other 

mechanically-controlled valves are too complicated for 



" Kompressoren," by A. Riedler. 
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small comprefisors, for whidi there is mcreasing demand. 
Figs. 275 and 276 show a small oompressor of 270 mm. 
diameter (10*63 in.) and 350 mm. stroke (13*8 in.) con- 
structed for experimental purposes by A. Boraig, in 
Berlin-Tegel, and tested in the engine laboratory of the 
Berlin Technical High School. The compressing cylinder 
is bolted to the guide casting at one end, and the steam 
cylinder at the other. Behind the steam cylinder are 
the crank-shaft bearings, cast in one piece with the 
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cylinder cover. ' The crank is driven from the piston 
rod by a crosshead and two connecting rods. The steam 
valvee are driven by a gear whose centre lines are shown 
in fig. 277, from which its action will be readily under- 
stood. Its action is the same as that of two eccentrics, 
one having a small angle of advance driving the distri- 
bution valve, and the other having an angle of advance 
of 90 deg. driving the expansion valve. 

The suction valves are Corliss, and are driven by a 
return crank, connecting rod, and crank arms (fig. 275). 
The opening of the discharge valves, which- are "express 
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tbItcs," is effected bj the pistons at their outer ends, and 
their closiog b^ the compreBHiDg piston, in which there &re 
springs to leesen the shook o( oontact. The air from the 
compresang cylinder paase« through the centre of the 
vulve to the back of the piatoD, and when it has risen 
slightly above the discharge preeeure, it opens the valve; 
the escape of the air at the back is controlled by a screw 




(tiff. 279), so that an air cushion is formed. When the 
piston closes the valve, the other side dow forms the 
air cushion, the air escaping through the small holes 
at the right-hand end of the valve (fig, 279 J. The springs 
in the piston were compressed 1 J mm. when the piston waa 
at the end of the stroke. Satisfactory diagrams were 
obtained up to 200 revolutions per minute; they had 
all, however, a sudden rise of pressure at the oommeince- 
ment of dischai^, after which the pressure fell to that 
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at the end of discharge, which was also the same as 
that in tlie receiver. Fiy;. 261 ahows two diagi-ains at 50 and 
160 revohitions, and i atmospheres pressure by gauge. 




The size of the valves was fixed for 120 revolutions, 

and it was not surprising to hnd that at speeds above 




150 revoUitiona suction was noisy, and the diagrams 
showed a considerable fall of pressure below that of tli» 
atmosphere. 
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In order to study the motion of the discharge valves 
during these experiments, diagrams of valve motion were 
taken by oonneoting the valves directly with the pencil of 
an indicator, as the valve stroke was less than that of 
the indicator piston. The valve motion is shown by the 
ordinatee (fig. 282), and the abscissae are proportional 
to the stroke of the piston. A serie® of diagrams were 
taken in which the resistance of the air cushion was 
varied to suit the revolutions. These are shown in fig. 283 
the figures annexed to the curves denoting the revolutions. 
It will be seen that up to 60 revolutions the velocity with 
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which the valve opens is uniform. Above this speed, 
however, the line of opening is curved, showing that the 
air cushion acts more effectively towards the end of the 
valve stroke, and the opening increases with the speed. 
At a constant speed, by increasing air cushioning, the 
opening of the valve is reduced. In none of these experi- 
ments could any irregular motion of the valve be noticed. 
Diagrams were also taken at 50 to 200 revolutions with 
very little air cushioning. All of these showed at first 
a uniform velocity of opening, which fell off towards 
the end, and a quick closing with uniform velocity shortly 
before the end of the stroke. Fig. 284 shows similar 
diagrams in which the drum of the indicator was not 
connected to the piston rod, but was driven by an 
eccentric in such a manner that when the valve closed 
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the indicator drum was moying at a high speed. The 
opening curve is now on the right and the olosing on 
the left, and the valve was not acted on by the piston 
during the last 3 mm. of its motion when dosing. The 
closing curve shows the rapidity with which the valve 



n- so 
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is partially closed by the piston, and the slowness with 
which the closing is. completed automatically alter the 
dead centre has been passed. 

Thes^ diagrams! were taken at various revolutions, and 
showed that the higher the speed the sooner after the 
dead centre was the valve closed. Diagrams were also 
taken in this way when the valve was mechanically 
controlled during its whole closing stroke. The closing 
takes place shortly before the dead centre, and at high 
speeds the valve re-opens again slightly and closes again 
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before the dead centre is reached. This, however, is not 
noticeable in the compressor diagram. This is an illus- 
tration of the experimental work done in Grerman technical 
schools, which differs somewhat from the testing of toy 



f^ston ^c me 
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cranes and jacks, anl the measurement of the kinetic 
energy of toy flywheels and the like, which is now recom- 
mended for English colleges. 
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As a comparison between equivalent sizes of compressors, 
the three crank engines at the Quai de la Gare, Paris, are 
12*2 metres high, and take up a floor space of 11*5 by 6*15 
metres. An equivalent express compressor would be 5*7 
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metres high, and take up a floor space of 7*1 by 5'3. 
Fig. 286 shows the cylinder and cover of a large blowing 
engine fitted with express delivery and Corliss suction 
valves. Gas power for blowing engines is coming into 
fashion, and high speeds are necessary if the power of 
the gas is to be used efficiently, and for this reason express 
valves have been much used. 




IXZ> 



- 'ijzr 



*.r^ - ao«.<iai:, S;aiic4}L-:'- 



js .r'.~':iLijf- 



J.l 



Air ContfTsiArr : — 

AIli*-CriU2uir» I... ♦ : *• 

Bona*. TV. :*f. 
Brc«t4r3i»i. :~i. 

Dair, 14;-2f7. 
Daw. Be£:-trrx-^ iS*. 
Daw. Se«a:oLi*=i. iJ". 
l>eliTerT V^lTi*. "-^ - 
nnng'SLtr:*. l-T". " 

I>aikc»ii- ace^Tkr:. v:ni -I... *. 

Elwefl a&i ace * ?r-^--r^«^- - - i : _ 

Expressw JT*?. 

Francois, *I4. 

HmnlKfis. iri 

IngeraoU-Serg^act. It]. 

King Biadkr. ly.r.ilrz. 1-'. 

KoBter, BaCey'r. i:7. 

Kryaat,12pi. 

RearelL The. IV.. II -. 

Remnanx, Test --.i. V.. 

Ricbardwn, Westgini. in.! C>.'«. 

222. 
RiedTer, Test of. 22. 
Schaffcr and Buirz.'.irr«r"s Kr-.-stit. 

154. 
Sentinri, Alley and 3li.rL.=::aiis, 1»2. 
Suction and Deaverv Vjilvea, br the 

Priedrich Wilhelm Hutt«. 124. 
Tilglunan's Patent Sand Blast C^'.'*, 

128. 
Worthington Pump Co.'s, 22S. 
Air GomixiessQr Valves :— 

Davey, Paxman, and Co/s, 14*3. 
Guttennuth's, 170. 
Hughes and I^caster's, 224. 
Air Gompresaors, Compound, IS. 
Air Compressors, Comfwimd, Bailev's 

KSster, 272, 276. 
Air Compressors, Compound, Breitfeld, 

Danek Engineering Co. 's., 832. 
Air Compressors, Compound, Daw, 251. 
Air Compressors, Compound, Duncan, 

Stewart, and Co,'8., 132. 
Air Compressors, Compound, Phila- 
delphia Engineering Co.'s, 206. 
Air Compressors, Compound, Reavell, 
The, 153. 









J_r ...vi:-: z jl .:. 






B 

Brr-ii."T--2ir.i.-dk: H-.^h ^*hvv: ; K\ivu 

rj.ents >. i: Exrcv'ssii vV.vx'^ :fr\^ 
Bcws^Eier Blv'wtr;^ KiVjCiues, \14> 
Bessc^ciTrr Blowing Kn^iucs : ix4vx?tvi\t» 

Danek. and Co,. 116. 
Bessemer Blowiivj: Kivjiiuo* : K^^ix\^>^^^o 

Masohineubciu-Ao:WMH5i\'*x^H*\ hi»n. U^^. 
Be&semer Blowing Kti^ciiu-** : Sx \\u« uU^t 

and Ci>.ss leO, 
Blast Furnavv BK^wiUj* KivjiU\o=». Krt* 

cienoy of. 111. 
Blowing Kngiuos, 4-1. 
Blowing Kngiutv"*, IU^h!»o»uov» \ \ 4 
Blowing Knginiv«», UU»j*t ^^«•nrtv^« 

BrintfoUl. Duuok, luul l\v, M» S\V 
Kffioionovof. lU. 

schjift, V>J<. 
FritHirioh-Wilholm lUUtts •!*- 
UuttohotTnuutfMhUtto. 74. 
KAlniAoho Mt^)4ol)iu\>uUu« Aon««u 

GtMollHolmft . lot). 
Lang, 44. 

SiloliMiHohon MuohluoufnUilU, ul 
SohnoiiliT Mini To., il'i*. 



288 



INDEX. 



Blowing Engine, Compound :— 
Davy Bros., 101, 108. 
Lillieshall Co., 99. 
Boreas Air Compressor, 176. 
Borsig Experimental Compressor with 

Stumpf Valves, 276-285. 
Breitfeld, Danek, and Co. :— 

Blast Furnace Blowing Engine, 54, 80. 
Blast Furnace Blowing Engine, Test 

of, 60. 
Cross-compoimd Two-stage Com- 
pressor, 282. 
Diagrams from Bessemer Blowing 
Engines, 116. 
Brotherhood Air Compressor, 178. 



Central Power Station, Paris, Test of a 
Riedler Compressor at, 88. 

Chicago Pneumatic Tool Co.'s Com- 
pressor, Test of, 88. 

Cincinnati Gear Compressor, Indicator 
Cards from, 281. 

Clearance, Effect of, 7. 

Compound Air Compressors, 18. 

Compoimd Blowing Engine :— 
Davy Bros., 101, 108. 
LiUieshall Co., 99. 

Compression : Quantity of Heat that 
must be Withdrawn, 18. 

Compression, Rise of Temperature 
during, 18. 

Compression Curve, Exponent of, 17. 

Cooling of Air, 16. 

Corliss Valve, Olandless, Hughes and 
Lancaster's, 224. 

Crewe and Davy's Radial Trip Gear, 114. 

Cvlinder Air Compressor, by Allis- 
'Chalmers Co., 196. 

Cylinders, Ratios of, 24. 



Davey, Faxman, and Co.'s Air Com- 
pressor Valves, 146. 

Davy Bros.' Compound Blast Furnace 
Blowing Engine, 101, 108. 

Daw Air Compressor, 245. 

Daw Air Compressor, Test of, 261. 

Daw Air Washer. 265. 

Daw Discharge Valve, 246. 

Daw Governor, 251. 

Daw Inlet Valve, 246. 

Delivery Valves : Guttehoffnungshutte, 
Oberhausen a. d. Ruhr, 70, 167. 

Duncan, Stewart, and Co.'s Vertical 
Compound Air Compressor, 182. 



Effect of Clearance, 7. 

Efficiencies, Total and Volumetric, 5. 

Efficiency, Air, 6. 

Efficiency of Blast Furnace Blowing 
Engines, 111. 

Els&dsischen Maschinenbau-Gesellschaft 
Vertical Blast Furnace Blowing En- 
gine, 98. 

Elwell and Son's High Pressure Air 
Compressor, 191. 

Equalisation of Pressure at Both Sides 
of the Piston at the End of Stroke, 10, 
222. 

Equalisation of Pressure, Valves for Pro- 
ducing, 89. 

Equalisation of Pressure, Work done i>er 
Stroke with, 12. 

Experiments on Express Valves, 279. 

Experiments with Compressors, 81. 

Exponent of Compression Curve, 17. 



Francois : Air Compressor, 214. 
Eraser and Chalmer's King Riedler 
Compressor at the PoweU Duffryn 
Collieries, 197. 
Friedrich-Wilhelms Hutte :— 

Blast Furnace Blowing Engine, 78. 
Suction and Delivery Valves, 126. 



Gas Engine and Blowing Cylinder, Kort- 

ing Double-acting, constructed by the 

Siegener Maschinenbau-Actien-Gesell- 

schaft, 84. 
Governor, Air and Speed, Whltmore's, 

208. 
Governor of Schneider Blowing Engine, 

69. 
Governor, The Daw Automatic, 261, 
Goodwin's Test of the Daw Air Washer, 

256. 
Gutehoflfnungshtttte Delivery Valves, 70, 

167. 
Gutehoffnungshutte Blast Furnace Blow- 
ing Engine, 74. 
Guttermuth's Spring Clack Valves, 170. 



H 

Heat to be Withdrawn dming Com- 
pression, 12. 

High-pressure Air Compressor, Elwell 
and Son's, 191. 

Horse Power Required to Compress Air. 
Table, 26. 



i» 



239 



Hughes and lAZJStsus'k G 

Vaive, 224. 
Humbolt Air Cottji 

muth ValTea. 17i- 



I 



Indicator Dia^am frizz. Tilg^~A- » 
Patent Sand ItJ^st C-:-'« Cicpccfe^n-. II. 
IngersoU-Ser^eani Ctdjceasic. ;4i. 



iT**^— • 



.<» •- 



t. E.T.u''<fc'Lt.c -.(f. V^T«« for Pro- 

■* i •"- 

c E: -iil:.*!!.:; . :. '.'. Work I>oikf; 

i: -C- in.".*- .i. 

1 1j-j« -if. '.:. i^.jK*, fZ, 

■t c -j tz. *_!** -i-f Pi«t»-jii at Eiid 

-• . ct. E,/::j.Ii*i'n--'C cf, iO. 



Kennedy's Inlet ValTc. IX. 
King-Riedler Con. j r-a*a.:r. 1?T. 
Kolnische Maacfcii:=i.'n*u-A ^riri. 

schaft Blast F'crr.v^: bloirii^ 

109. 
Kolnische 'MASchir.iz.TAn-ArT.ez. 

schaft Besatmcr h'.-.Ti^ Er.zir 
Kortiug Doubl€r-a£'riiii' <iis Y.z^. 

Blowing Cylinder, o'Lrrr-::t<fi 

Si^^ner MaechiLeLlA-^-Aitici. 

schaft, 84. 
Koster Air CompresBore. ilT. ^7"?. 
Koster Piston Valre G-at. iol. 



•j**=_- 
E^'^- 






Lang Blast Furnace Blowir.;;; En,?ine. 44. 
Lilleshall Co., CompouLi Blowiiig En- 
gine, 99. 
Loss of Pressure in Pipes, 27. 



M 

Matthewson's Valves, 12^. 

MechanicaUy-controlle/i Valves for Air 
Coxnin-essors, Philadelphia Engineer- 
ing Co.'s, 209, 211. 

Mechanically-controlled Valves for Air 
Compressors, Schneider and Co.'s, 215. 



r.-r^-c-l III: *\ .zs.yr-s^'^jT, Th*. l-X. 

F:-i -r-l f. .— :•- -i-i C .rLi.^'-s^Jsor, If 3. 

P.-=i--=- 7»r>.tA^-= C,ri.pr**T<or«, 159. 

l-^.^zzju^z. •.:nTr^5..r. TcK of, SI. 

P.-rr:L.::'. L'^-Lirg^ Vilvcs, 100. 

P.:vLi:i- :.. W-i-.^irt::. and Co.'« Air 
i' . -■ . ■», . . « -'<■*-> 

h.r.l-rr •'. .n.jr-ir'.is^-r, Te^t of, 33. 
nic-il-r-';*. ^:„pf liiwharge Valves, 84, fe5. 



OfTenbach Power Station, 
Straad Compressor at, 32. 



Test of a 



hi'iL-is-.V-r;:- 3IitM:hin»:iifabrik, Blast Fur- 

i.i.-: Bl-.-wii.ir Engine, 01. 
.S .-:.a?=r ii-d B','i ri.brirg's Air Compressor, 

HiLr-vii-rr and C--.'!* Air Compressor with 
MTchinicallv-eontroUed Valves, 215. 

sc-i.L-rir^r and Co.'s Bessemer Blowing 
Ei.fc'ii.-, Vld. 

ScLueii-raud Co.'s Blast Furnace Blow- 
ing Engine, 07. 

schi.-ider au i Co.'s Blast F'tmaoe Blow- 
iLfcT Eijgin^ Governor, (S?, 70. 

.S.-iiiTe: irrr and Co.'s Valves, 122. 215. 

riciiiijhrermann and Kremer's Comjwund 
Air C -mpiressor, 133. 

'' >-ntiiier" Air Compressor, 1S2. 

•'SeLtim-l Junior" Air Compressor, 190. 

?;icgcncr 3Iaschiuenbau Aotien Gesell- 
s-.haft, KOrting Double-acting G:w 
Eutdne and Blowing Cyliutler, t^4. 

^^t. Paukraz Mine, Brietfeld Two-stage 
Cross-eonipouud Compressor at, 239. 

J?tra.id Compressor, Test of, 32. 

Stumpfs " Express" Valves, '-76. 



Philadelphia Engineering Co.'s Com- 
pound Air Compressor with Mechanic- 
ally-controlled Valves, 206. 

Physical Properties of Air, 1. 

Pipes, Loss of Pressure in, 27. 

Powell-Duflfrjm Colliery, King Riedler 
Compressor at, 197. 

20ac 



Table of Horse Power Kequirovl to Com- 
press Air, 25. 

Temperature during Comj^roasion, Hiso 
of, 13. 

Test of Breitfeld Danek and Co.'s Blow- 
ing Engines, CO. 

Test of a I>aw (^oss-oomixnind T\vo-st«gi» 
Compressor, 251. 



290 



INDEX. 



Test for a Koster Two-etage Belt-driven 
Air Compressor, 269. 

Test of a Heuxuaux Compressor, 31. 

Test of a Kiedler Compressor, 83. 

Test of a Straad Compressor, 32. 

Test of a Two-stage Compressor, by the 
Chicago Pneumatic Tool Co., 83. 

Tlli(hman's Patent Sand Blast Co.'s Com- 
pressor, Indicator Diagram from, 15. 

TiJghman's Patent Sand Blast Co.'s Air 
Compressor, 128. 

Total and Volumetric Efficiencies, 5. 



Valve Diagrams, Stumpf "Express," 282. 
Valves : 

Blowing Engines, Best number of, 52. 

Davey, Paxman, and Co.'s, 146. 

Daw Inlet and Discbarge, 246. 

Discharge, The Daw, 246. 

Express, 276. 

Friedrlch-Wilhelm-HUtte, 125. 

Glandless Corliss, Hughes and Lan- 
caster's, 224. 



Valves— con tintud. 

Quttermuth's, 17. 

Qutehoffnungshiitte, 70, 167. 

Inlet, The Daw, 246. 

Kennedy's, 100. 

Koster, 261, 263. 

Matthewson's, 128. 

Riedler, 201. 

Riedler-Stumpf, S4, 85. 

Reynold's, lOO. 

Schneider and Co.'s Mechanically- 
operate<l, 122. 

Stumpf Express, 276. 
Valves for Producing Equalisation of 
Pressure at End of Stroke, 39, 222. 



w 



Whitmore Air and Speed Governor, 203. 
Work Done per Stroke with Equalisation 

of Pressure at End of Stroke, 12. 
Work Required to Compress Air, 2. 
Worthin^n Pump Co.'s Air Compressor 

5i28. 



John Heywood Ltd., Excelsior Printing and Bookbinding Works, Manchester. 



BOOKS 



For ENQINEERS, 
MECHANICS, DRAUGMTSMEN. 
and SCIENCE STUDENTS. 



'WORKSHOP COSTS (for Engineere and Maniifacturers). 
By SincLAiB Pkirn and Frahk Pbahn [Dii'eotora of Meurs. 
Fnok Peani and Co. Ltd,, Weat Qortoo Iruaworks, MaDcheetcr], witb ■ 
pret&ee b; Q. CrufdoD Mftrka, ABioc.Heiiib,Iliat,C.E., H.I.H.E,, Jto. 



Third EiiitioD. Crown 8yo, cloth, price it. 6d. net, (joBt fi«'. 

THE INDIOATOR AND ITS DIAGRAMS : WITH 

CHAPTERS ON ENGINE AND EOILEB TESTING. 

Bj CHARLES DAY, Wh.Sc. luoludiog n Table of PistoD ConsUnts. 
Tbiit book IB of a thoroughly practicnl chnracMr, atiil cODtniiia uumeroua 
dUgTROiB from Bctusl practice. 

"Thebw^iioDsor the moat lueful we baie met with."— MHikinieal Worid. 

" A reelly Bxcallent book, wblch wa lutve pleuui 



Growa 8vo, eloth, priee 7a, 8d. oat, post free, 

THE MANAaEMENT OF SMALL ENGINEER- 

ING WORKSHOPS. Bj ARTHUR H. BARKER, B.A., 
B.Sc, Wh.Se., &c., Author of " Graphic*! Calculua/' "Graphic 
Hethoda oF Eogine Deeigo," ta. 



Price 1 



MOTES ON BOILER TESTING. By FREDERICK 
GBOVER M.I.Meoh.E., A.M.InetC.E., &c. 



Fuui'tL EditiuD. Crown Sto, doth, prioe Bb. net, pi 

]|[ODEBN GAS AND OIL ENGINES. ProfuBsl; 

illuBtrated. A full aud eiliKUStive Treatmenli of the DesigDi 
OotutrucUun, and Working ol Ou uid Oil Engiaea up tn date. 
FREDERICK OROVER, Awoa.M.liiBb.C,E. 
-' ' Modem Gu and Oil EoglDo' !■ an ilraosC i6a.\ Ceit h»k g: 



Second Edition. CruwD Svo, cloth, price 4a, 6d. net, post Eree. 

PROBLEMS IN MACHINE DESIGN. For the Ub< 

of Studenta, Draughtoroen, and others. By C. H. INNES, M.A. 

LactureroQ Engineering at tbe Rutherford College, Ifewcaatle-oa-Tfrn 

'Of milch valua to dmughtamen iuii ongiiiBBri, to wbr.m wo oordlftlly 



Fourth Edition, revised «nd eiiUrged. Price is. M. net, pout free. 

rjENTBIFUGAL PUMPS, TURBINES, & WA' 

MOTORS : including the Theory and Practioa of Hydraulic 
(Epecialiy ndapted (or engineers). By 0UA5. H. Ih'NES, M.A. 
Lecturer on Engineering at tiie Rutherford College, Newcaatle-ol 
Tjne. 

"Tlime who huTe w&nted ■ almple trntinent of the theory md deilfn d 
CentrlfugBl Fumpa and Turbines will welDoms this book, and wo isd rsou 

-I The bLiak will be f oimd of special valne ta en^noerhig studeute pre 
Machine Cuufltrui:t]aD aod Uek^huntcal Bugiuecrlug." — HtfanuAip. 



Second Edition, Crown 8»o, cloth, price 3s. net, post free. 

rNOINEERINO ESTIMATES AND COS' 

ACOOTJNTS. By F. G. BDRTOH, fonnerly Manager at tl 
Hilford UsiVen Shipbuilding >iid Engineering Company Limited. 



Ci'own Svu, olotli, piiiK 2s. 6d net, ]iost free. 
I'TEE NATAL ENGINEER AND THE COMMAND 

■ ■*■ OF THE SEA. By FRANCIS Q. BtTRTON, AuUior or 
" Bogmeering Eatimatei and Coal AccouDtE," &c. 



Secuad Kditioii. Cromo 8vo, cloth, price Gi. oat, post free. 

MABINE ENGINEERS: THEIR QUALIFICA- 

TIOHS AND DUTIES. With Notes on ths Cure and 
KuiagsDieDt o{ Marine Engines, Boilers, Maclunery, Ac Bj E, Q. 
OONSTANTINK, Assoc M.Inrt. O.K., M.I.Mech.K. 



Third Editiuii, Kevieed aucl Kulargeii. Crown 8»o, cloth, price 
3h. 6d. nec, poat free. 

INJECTORS: THEORY. CONSTRUCTION, AND 

WOEKINa. Bj W. W. F. PULLEN, Wh.3c.. ABB0c.«.In8t.C,B. 



OCX IN MECHANICAL DRAWING. Part 111: 

Piston Acckleiution, By ALEXANDEU MaoLAT, B.Sc, C E. 
M.I.M.E., &o. 



}]EAT AND HEAT ENGINES. A Tre^Ltise on Thermo- 

djnamica aa PiacliicalJy Applied to Heat Motors. Specially 
D for Engineere. By W. C. POPPLEWELL, M.3c, 
I foluma li cue which wo haya plaMiire In oamiaeniUng to tho atteBtlon 



SbcoiuI Kilitiim. Crown 8vo, cloth, prioe d». nut. post freB. 

THE APPLICATION OF QBAPHIC METHODS 

TO THE DESIGN OF STRUCTUKES. ProfuM,ly iUu.- 
bnCed. A Treutmeat liy Ornphic Methods of the Forcea and 
PrinoiplBs iiBPeBMry for conaideritEon in the DeBign of Enginaoring 
StniDtureB, Kuots, Bridges, TrusBes, Framed Structiirea, WaUe, Dauia, 
Obimneya, and MMonry Struoturea. By W. W. P. POLLEN, WIlSc. 
A.H.IaA.aE., H.LH<K:h.G. 
' ' I!ag;taHn generall; will God thla worbL at muob Tikliu."— SMEHiuAjjh 



Thud Edition. Crown 8yo, cloth, price 38. 6d. net, post frt 

THE CONSTRUCTION OF CRANES AND OTHER 
LIFTING MAOHIHERT. By KDWARD 0. R. MAKK8. 

A«oa,U.lnrt.C.E., H.I.Heoh.E., &o. 
■• Tho Iwoli l3 to be recommeiidcl u the beat on tba subject, snd »1II be foand 



ClDth, price 6s. not, post free, 

THE RESISTANCE AND POWER OF STEAM- 
SHIPS. By W. H. ATHERTON, M.Sc, and A. L. MELLANBY, 
H.Sc. 



Sro, cloth, price 3b. 6 



GRAPHIC METHODS OF ENGINE DESIGN. 

By A. H. BAKEER, B.A., B.So,, Wh.Sc, Author of "GraphioaJ 



book to the student, "—ffJairtdlj. 

(Teat an in tts prepsiHtlon, uid should p 

'—Btigineiri' OoHlW. 



MAOHINES AND TOOLS EMPLOYED IN THE 
WORKING OF SHEET METALS. i!y H. K HODGSON 



■tudaQt Ahould be with 



Crown 8to, price Js. net, post frea. 

THE PAN ; includiug the Theory and Practice of 

Contritugal and Axial F.nfl. By CHA3. H. INNES, M.A., 

Lecturer □□ Bogineering at Ruthei-fui-d College, Newcastle-on-Tjue ; 

Author of " Centrilugal Pumps, Turbines, and Wftter Motora," &c., &c. 



CPECIFICATION FOR A MODERN LANCASHIRE 

BOILER AND ITS SEATING (working pressure 200 lb.). 
Bj "iDBpeptor," M.I.M.E. 



Crown 8ro, price 3e. 6d. net, pusc free. 

NOTES ON THE CONSTRUCTION AND WORK- 
ING OF PUMPS. By EDWAKD C. R. MAEtKS, Absoc. 
M.IiiBt.C.K, M.l.Mecli.[i;.. ic 



Seooiid Edition. Price 5a. net, poet free. 

THE MANUFACTURE OF IRON AND STEEL 

TUBES. By EDWABD C. It. MAKKS, Assoc. M. Inst. C.E.. 
M.I.M.E., Ac, &c. 



Second Edition. Crown Sto, cJutb, price 3s. net, puet Iree 

THE A B C of the DIFFEBENTUL OALCULUS 

B7 W. D. WAN3BK0UGH, Author of " Portable EngiDet," 
" ProportiotiJt and Havemant of Slide ValTea," &c 



Second EdiUoB. Crown Svo, price 3b. net, post free. 

THE THETA-PHI DIAGRAM, Practically Applied 

to Staun, Qaa, Oil. and-Air Engines. Bj HENRY &. QOLDINOi 
A»iK.M.InBt.U.K. 

the .ubjoct of Entropi; 



Price 2a. 6d. net, post free. 

QOVERNORS AND GOVERNING MECHANISM. 



Bj K. H. HALL, Mech. Eugioeer. 



Price 4e. 6d. net, pint free. 

THE PROPORTIONS AND MOVEMENT O: 

SLIDE VALVES, liy W. D. WANSBRODQH, Author 1 
" The A B L' of the Dia'erential Caloulus," &c. 



Crown 8vo, clotb, prioe 6b. net, poat free. 

fONTINUGUS CURRENT DYNAMOS AND 

MOTORS AND THEIR CONTROL. By W. R. KELSET,, 

B.Sc, A.i.E.E., F.Ph.S.p i:lectricul luspector under tho Board o£ Trad» 
to the Taimtou Corporation. 



k 





THh 


TKca 


s-icai. J 


UBLliiUIKO 


CO. LIMITED, 
















1. Steah 














3. M^imiy 






Stroat 


N 


wY» 






W. i;n 


S, SjdM 


and Melboi 






















>Y 


Ade 








: >udaUB.>o 






■ 


4 



THE NEW YORK PUBLIC LIBRARY 

RBFBHENCE DBPARTMENT 
taken from tb« BuildiaC 




























































































"'— 







